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Sugarcane Variety Trials in Puerto Rico, 1952-57 


F. Méndez-Roig, G. Samuels, and A. Colén' 
INTRODUCTION? 

The testing of new sugarcane varieties is a never-ending process because 
the goal is always on the distant horizon. Every year about 100,000 sugar- 
cane seedlings are produced by hybridization from which, after at least 3 
years of continuous selection for good agronomic characteristics, high 
sucrose content, and mosaic resistance, only a small number are ultimately 
chosen to ke included in the variety trials. The perfect sugarcane variety 
by definition is one which gives unlimited cane tonnage of almost pure 
sucrose entirely recoverable in the factory with the minimum of effort, 
and which has 100-percent germination in the field, closes in without weed- 
ing, is erect, does not flower, trashes clean, and is resistant to all disease 
and insect attack. To be sure, this is but a dream, yet it is the sugarcane 
breeder’s and agronomist’s task to move closer and closer to this goal. 

Sometimes the definition of perfect variety may change along the way as 
man’s methods of working with sugarcane change. This is evident at 
present where mechanical methods of harvesting are modifying the agro- 
nomic characteristics desired of the new varieties being developed. The 
Agricultural Experiment Station of the University of Puerto Rico is cog- 
nizant of the need for sugarcane varieties suitable for mechanical harvesting, 
which is coming into use, as well as for hand-harvesting which is being 
used at present. In fact, several new varieties tested and reported in this 
paper are well suited for both mechanical harvesting and for hand-cutting. 


PROCEDURE 


The sugarcane variety trials planted and harvested during the period 
1952-57 were included in 24 separate experiments totalling 51 crops (fig. 


1 Agronomist, Agronomist, and Research Assistant in Agromony II, Agricultural 
Experiment Station, University of Puerto Rico, Rfo Piedras, P.R. 

*The authors wish to acknowledge the cooperation of P. Gonzdlez-Rios, Agrono- 
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breeding the different P.R. varieties used in the trials and helped in evaluating their 
agronomic characteristics, and of those members of the Agronomy and Horticulture 
Department, past or present, and other cooperators who assisted in carrying out the 
field work, and the sugar and statistical analyses. 
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SUGARCANE VARIETY TRIALS IN PUERTO RICG 
1) located at various sites of the Island. For convenience of presentation, 
as well as forthe reader’s convenience, these experiments have been grouped 
arbitrarily into geographic areas (table 1 and fig. 1). For 10 of the experi- 
ments 2 plant crop and 2 ratoons were harvested; 7 experiments included a 
plant cane and | ratoon; and 7 experiments were on plant canes only. 
These 7 plant-cane experiments will be continued for 2 ratoons. The new 
data will be reported in forthcoming variety-trial reports. 

All experiments were laid out in the field in lattice designs with from six 
to eight replications. Twenty-five or thirty-six varieties were used in each 
experiment. Most of the varieties used were developed by the Agricultural 
Experiment Station at Rio Piedras. Some imported Barbados and Hawaiian 
varieties were also included in every experiment, as well as checks of from 
one to three commercial varieties commonly grown in the area where the 
field trials were conducted. The commerci:l varieties used for comparison 
were M. 336, B. 37161, P.O.VJ. 2878, PR. 902, and M. 275. The size of the 
cane plot for a replication consisted normally of four rows of cane 24 feet, 
in length and +!» feet apart, comprising an area of 18 by 24 feet or approxi- 
mately one one-hundredth of an acre. 

The agronomic management of the cane in each experiment was similar 
to the current commercial practices used in the area where it was located. 
The harvested cane from each plot was weighed using 2 special portable 
crane. Ten whole eines, minus tops, were selected at random from each 
plot; they were properly tagged and sent to the hydraulic mill of the Sta- 
tion at Rio Piedras for determination of their available sucrose content. 
All cane samples were milled not later than 24 hours after cutting. 

A hydraulic Squier mill was used which had two rollers, each measuring 
12 by 16 inches. These rollers averaged 6.4 revolutions per minute, using a 
10-horsepower electric motor (2)%. The rollers exerted a pressure of 29 
tons per square inch for the extraction of the juice from the cane passing 
through them. Each cane sample was milled once and the bagasse also 
passed through once. 

All yield results were analyzed statistically. For the sake of brevity and 
darity only the leading four varieties at each experimental site, plus the 
commercial variety used in the experiment, were then arranged in tabular 
form. The ranking given to the varieties in each experiment in the tables 
applies to the rank held when all varieties were compared. Thus, if M. 336 
hasa rank number of 16, this means that it ranked sixteenth when compared 
with all varieties tested in that particular trial. 


‘Italie numbers in parentheses refer to Literature Cited, p. 18. 


TaBLe 1.—Area, location, number of crops, soil type, and date of variety field trials 
with 51 crops of sugarcane in different areas of Puerto Rico 
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Plant | Ra- 
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Nor 


th Central 
1 | A. Fraticelli Farm, Arecibo 1 2 
Colonia Monte Grande, L.A. of ae fe | 


P.R., Arecibo 
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celoneta 
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\. of P. R. stands for Land Authority of Puerto Rico. E. 
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| Coloso silty clay 
Coloso clay loam 
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silty 
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Iastern Sugar Associates. The same holds for tables 2, 3, and 4. 
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TABLE 1.—Continued 























Number of 
crops 
- Area and location |——___-_—— Soil type Years 
eg Plant | Ra- 
cane toon 
West 
5 | Colonia Librada, Garcia Méndez, 1 1 Fortuna clay loam = 1953-56 
Afnasco 
Central Eureka, Hormigueros 1 1 = Coloso silty clay 1954-57 
Northwest 
6 Isabela Seed Farm, Isabela 1 2 | Coto clay 1954-57 
F. Julié Farm, Isabela 1 2 | Coto clay 1953-56 
Interior 
7 | Corozal Substation, Corozal 1 0 | Lares clay 1955-57 
Colonia Factoria, E.S.A., Cayey | 1 2 | Juncos clay 1953-57 
Caguas Valley 
(RS a yas i ee Sey : peepee 
8 | Gurabo Substation, Gurabo | 1 | 0 | Mabi clay | 1955-57 





RESULTS 
AVAILABLE 96° SUGAR 

In the North Central Area, P.R. 980 and B. 37161 were the leading va- 
rieties occupying equally two first and one second place in the five experi- 
ments in this area (table 2). The commercial check variety M. 336 ranked 
poorly. 

In the two experiments in the Northeastern Area, Barbados varieties B. 
37161 and B. 41227 shared first place. P.R. 980 was in third place for the 
Loiza experiment and dropped to eleventh place in the Fajardo experiment. 
It appears that P.R. 980 is not well adapted to the Northeastern Area. 
Commercial checks P.R. 905 and M. 336 ranked very low in eighteenth 
place (table 2). 

B. 37161 held first place in the Eastern Area, both in Yabucoa and 
Humacao (table 2). P.R. 981, used for the first time in a plant cane at 
Colonia Luefa, Yabucoa, placed first. It was not included in the other two 
experiments in this area. B. 40105, P.R. 980, and P.R. 1013 each placed 
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second in an experiment. M.336, the commercial check, ranked tenth and 
eighteenth. 

In the Southern Area with seven experiments P.R. 980 was the leading 
sugarcane variety in tons of sugar per acre. It was first in four experiments, 
second in one, and was not included in two. P.R. 1013, a new variety with 
promise, appeared first in the trial at Colonia Esperanza, Aguirre, and 
second at Hacienda Fortuna, Ponce. B. 37161 did better as the commercial 
check than M. 336, but failed to rank among the leading three in any trial, 

P.R. 980 shared first place with B. 41227 in the West (table 2) with 
P.R. 975 and P.R. 1002 in second place. P.O.J. 2878 was eighteenth as a 
commerical check and M. 336 seventh. 

In the Northwest area P.R. 980 was the leading variety with P.R. 975 
and H. 328560 sharing second place. Commercial check variety P.R. 902 
showed low yields of sugar per acre as compared to P.R. 980. 

In the Interior also, P.R. 980 was first with P. R. 975 in second place. 
P.O.J. 2878, used as the check, ranked poorly. 

B. 37161 gave the highest yields in the Caguas valley with P. R. 1024 
second, P.R. 1028 third, and M. 336 in seventh place. 


TONS OF CANE 

The results of the variety trials are summarized for tons of cane per acre 
in table 3. 

The highest yielding variety in tonnage of sugar per acre was P.R. 980. 
It was first in the North Central, West, and Northwest Areas. In the East, 
B. 37161 was first. P.R. 980 was first in 11 of the 24 experimental sites and 
B. 37161 first in 6. Variety B. 47179 was first in the Interior Area and Ca- 
guas Valley (table 3), but it is not recommended because of its high suscep- 
tibility to sugarcane mosaic. 

All commercial check varieties produced considerably less tonnage of 
cane per acre than the above-mentioned leading varieties. 


SUCROSE-PERCENT-CANE 

There has always been a demand by the Puerto Rican farmer for a su- 
garcane variety high in sucrose. This preference for a “sweet” cane has at 
times made certain varieties commercially acceptable even though their 
tonnage-of-cane performance was not outstanding. However, this desire for 
a higher sucrose-percent-cane has prevented the ready acceptance by 
certain outstanding producers of tons of sugar per acre, simply because 
these varieties may not be as high in sucrose as some older ones with lower 
cane yields. 

In table 4 the varieties are ranked according to their content of sucrose- 
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percent-cane. M. 336 ranked first in 7 out of the 24 experimental sites. In 
the North Central Area it was first in three out of the five experiments and 
it was first also in the Caguas Valley Area. P.R. 1016 made a good showing 
in the North Central Area and P.P.Q.K. in the Southern Area. P.R. 975 
ranked first twice—once in the Interior and once in the Northwest Area. 

Sucrose-percent-cane values ran high and were 16.02 for P.R. 1007 at 
Anasco and 15.35 for P.R. 975 at Cayey. 





TONS OF SUGAR PER ACRE PER MONTH (TSAM) 


A comparison of any two experiments on a ton-of-cane or sugar basis 
may be misleading, because varietal experiments usually have different 
times of planting and harvesting. A more suitable comparison can be made 
of variety experiments in any area on the basis of the tonnage of sugar 
produced per acre per month. 

The different varieties used in the experiments were ranked according 
to their production in tons of sugar per acre per month after correcting for 
variations due to experiment location. The results are given in table 5. 

P.R. 980 ranked first with an average yield of 0.645 ton of sugar per acre 
per month for the 18 trials in which it was used out of a total of 51 trials 
performed. P.R. 1013 was second, having been used in 8 trials. P.R. 981 
and B. 47179 (of high mosaic susceptibility) were tied for third. P.R. 975 
came fifth, ahead of B. 37161 which was sixth; B. 37161 made a better 
showing in the 1951-55 trials where it stood second (2). Of the commercial 
varieties, B. 37161 ranked sixth, P.R. 902 and P.R. 905 twenty-ninth and 
thirtieth, M. 336 thirty-first, and P.O.J. 2878 last, in thirty-third position. 

Only the first two varieties, P.R. 980 and P.R. 1013, produced 0.600 ton 
and over of sugar per acre per month, but the first 26 varieties produced 
0.500 ton or over. All commercial check varieties except B. 37161 produced 
less than 0.500 ton of sugar per acre per month. 

Excluding B. 47179, which is highly susceptible to mosaic, the four 
leaders were P.R. varieties produced by the University of Puerto Rico 
Agricultural Experiment Station. The Barbados canes came next as sugar- 
cane varieties having a high sugar-per-acre-per-month capacity of pro- 
duction. The Hawaiian varieties tested, H. 328560 and H. 371933, ranked 
rather low as compared to the P.R. and Barbados varieties. 


AGRONOMIC PERFORMANCE 

Aside from the need by the grower for sugarcane varieties high in sucrose 
production per acre, the sugarcane breeder must also take into considera- 
tion certain agronomic characteristics. The agronomic characteristics de- 
sired in a cane variety will vary according to the needs of the area in which 
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it is grown. In Puerto Rico germination, stooling, ratooning habit, girth, 
erectness, flowering, trashiness, and disease resistance are desirable agro- 
nomic characteristics in new sugarcane varieties. 

The desired germination of the seed piece is 100 percent. Even fair 
germination requiring 25-percent replanting is not acceptable. The need for 
a strong germinating cane is even more desirable at present when we con- 
sider that the hot-water treatment of seed for disease control may reduce 
germination, and labor costs for replanting are high. 


TaBLE 5.—Ranking of sugarcane varieties planted in Puerto Rico according 
to sugar per acre produced per month, in tons 





| | | Number | Sugar per 
of 











Number | Sugar per 

Rank Variety of acre per || Rank Variety | | acre per 
crops month crops month 
1 P.R. 980 18 0.645 | 18 P.R. 1020 5 | 0.540 
2 PR A103 | 8 .615 19 B. 40105 11 | .030 
3 P.R. 981 8 .595 20 P.R. 1000 | 12 .530 
4 | B. 47179! 3 .595 | 21 | H.328560 | 12 |  .525 
5 | P.R. 975 il 500 | 22 | P.R.1024 =| 3 520 
6 B. 37161 22 .585 23 P.R. 968 9 920 
i B. 41227 16 .575 24 B. 4362 10 .510 
8 P.R. 963 1 075 = || 25 P.R. 1027 5 500 
9 P.R. 1028 + .565 | 26 P.R. 1019 4 500 
10 P.R. 965 1 560 27 P.R. 1016 5 485 
1] B. 41211 1 .560 | 28 M. 338 2 475 
12 P.R. 988 8 .060 | 29 P.R. 902 + | 475 
13 P.R. 1002 8 560 | 30 | P.R. 905 3 |  .470 
14 P.R. 1012 8 555 | 31 M. 336 15 460 
15 B. 37172 12 .555 32 H. 371933 10 455 
16 P.R. 1008 8 .000 =| 33 P.O.J. 2878 4 425 

17 | P.R. 1004 8 .545 | | 





1 Not recommended because of its very high mosaic susceptibility. 


A vigorous stooling habit has always been desired by our growers as it 
means a quick closing in of the plantation, reducing weeding costs and 
erosion. 

In the past much emphasis has been placed by the growers on ratooning 
habit. Many old growers still boast of their P.O.J. 2878 fields which con- 
tinue ratooning after 25 years. Such cases are rare today, and a ratooning 
ability of up to 5 is considered good for any variety not under irrigation. 

There are divergences of opinion as to the real influence on costs of pro- 
duction of the girth of the cane. Most growers favor a thick cane, 1) 
inches or over in girth, and consider a cane with a girth of slightly under | 
inch as too thin. However, there are reports that the cost of harvesting 
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high-yielding thin canes are lower per ton than the cost of harvesting low- 
yielding thicker canes. 

Erectness has come more into prominence with rising labor costs and the 
imminent introduction of mechanical cane harvesting and loading. Varieties 
such as B. 37161, which can be harvested by hand regardless of a prostrate 
habit, become almost impossible to handle economically under mechanical 
cutting. As mechanical harvesting is more fully used in Puerto Rico erect- 
ness will become more and more important in cane varietal work. 

Flowering is one characteristic which most growers try to avoid in choos- 
ing a variety, on the assumption that flowering stops the production of 
sugar per acre. This Station has tried to determine the usefulness of pre- 
venting the flowering of the sugarcane plant both by extending the photo- 
periods and by spraying with maleic hydrazide. The information available 
tends to demonstrate that a sugarcane field that has arrowed does not 
necessarily yield less cane or sugar per acre than if it has not. 

The fear of a disease-susceptible cane has always influenced the choice 
of variety. In Puerto Rico, all varieties developed by the breeding program 
of the Station or introduced from abroad are tested for mosaic. The dis- 
covery of various strains of the sugarcane mosaic has made this testing 
program even more vigorous and important. Even varieties listed as toler- 
ant or resistant under field conditions must be looked upon with suspicion 
because of the latent damage they may cause. A classical example of this 
is variety B. 34104 and its subsequent damage to B. 37161 (1). The Station 
is also working on the development of procedures for testing for chlorotic 
streak and ratoon stunting. 

The various leading newly tested and commercial varieties of Puerto 
Rico have been evaluated for many of the agronomic characteristics dis- 
cussed above. This evaluation has been summarized in table 6. An arith- 
metical average of the evaluations are given in the final column of this 
table. It is quite true that this index of evaluation is far from perfect. 
Certain agronomic characteristics must carry more weight than others to 
develop a more exacting and useful evaluation of a variety. Furthermore, 
cane tonnage and sucrose production should also receive prime attention in 
any such index. 

SUMMARY 

The sugarcane variety trials performed by the Agricultural Experiment 
Station of the University of Puerto Rico, Rio Piedras, P.R., during the 
period 1952-57, involved 24 separate experiments and 51 crops. The follow- 
ing results are significant: 

1. In the production of available 96° sugar per acre P.R. 980 was the 
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outstanding variety of the Southern, Western, Northwestern, and Interior 
Areas of the Island. B. 37161 was first in the Eastern Area and in Caguas 
Valley, and it tied P.R. 980 in the North Central and B. 41227 in the North- 
eastern Areas of Puerto Rico. 

2. P.R. 980 was first in 10 and B. 37161 in 6 of the 24 experimental sites 
in terms of tons of cane produced per acre. 

3. The check varieties, M. 336, P.O.J. 2878, and P.R. 902 and 905, pro- 
duced low yields in both tons of cane and of sugar per acre as compared 
with the leading varieties. 

4. M. 336, P.R. 1016, M. 975, and P.P.Q.K. were the leading varieties 
in sucrose-percent-cane. 

5. P.R. 980 and P.R. 1013 ranked first in tons of sugar produced per 
acre per month. 

6. For agronomic evaluation, the leading varieties were ranked in a table 
in which consideration was given to such factors as germination, stooling, 
ratooning habit, girth, erectness, flowering, trashiness, and disease re- 
sistance. 

RESUMEN 

Dentro de su programa de estudio de las variedades de cafia de azticar, 
la Estacién Experimental Agricola de la Universidad de Puerto Rico llevé 
acabo, durante el periodo 1952-57, 24 experimentos de campo que compren- 
dieron 51 cosechas. Tuvieron significacién los siguientes resultados: 

1. En cuanto a la produccién de aztcar 96° por acre, la variedad P.R. 
980 fué la mejor en las dreas del sur, oeste, noroeste e interior de la Isla. 
La variedad B. 37161 fué mejor en este aspecto en la parte oriental y en 
el Valle de Caguas. Estuvo a la par con la P.R. 980 en el drea norte central 
y con la variedad B. 41227 en el drea noroeste. 

2. En cuanto a la produccién en toneladas de cafia por acre en los 24 
experimentos, la P.R. 980 fué primera en 10 de éstos y la B. 37161 en 6. 

3. Las variedades testigos, M. 336, P.O.J. 2878, P.R. 902, y 905 produ- 
jeron rendimientos bajos, tante en toneladas de cafia como de azticar por 
acre, cuando se compararon con las mejores variedades. 

4. En razén porciento de sacarosa por cafia, las variedades M. 336, P.R. 
1016, M. 975, y P.P.Q.K. fueron las mejores. 

5. Finalmente, las variedades se evaluaron de acuerdo con su produccién 
de toneladas de azticar por acre por mes, y en cuyo caso la P.R. 980 y la 
P.R. 1013 resultaron mejores. 

6. Se presenta en este trabajo una evaluacién de las variedades mejores, 
tomando en consideracién los siguientes factores: Germinaci6én, ntimero de 
caflas por cepa, habilidad para retofiar, grosor, crecimiento en forma 
erecta, florecida, cantidad de paja, y resistencia a enfermedades. 
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Effects of Major and Minor Elements, Lime, and Soil 
Amendments on the Yield and Ascorbic Acid Content 
of Acerola (Malpighia punicifolia L.) 


P. Landrau, Jr., and E. Herndéndez Medina’ 
INTRODUCTION 


Fruits vary considerably in their ascorbic acid content. Of the edible 
ones, the acerola, or West Indian cherry, stands exceptionally high in this 
respect. Munsell and Quifiones (11, 13)? reported values for a number of 
tropical fruits among which the acerola ranked several times higher than 
the next best. Asenjo and Freire de Guzman (2) reported values for acerola 
that ranged from 1 to 3 gm. of ascorbic acid per 100 gm. of edible matter. 
Mustard (12) obtained values as high as 4.468 gm. per 100 gm. of edible 
pulp for green fruit. Moscoso (10), and Aréstegui and Pennock (/) reported 
on the ascorbic acid content of several clones of acerola grown on a Rfo 
Piedras clay soil. The investigators last named reported values that ranged 
from 1.325 to 3.250 gm. of ascorbic acid per 100 ml. of freshly extracted 
juice. 

The acerola plant is a small bushy tree that can be grown satisfactorily 
under a wide range of soil and climatic conditions. Much interest has been 
aroused lately concerning the cultivation and industrial possibilities of the 
fruit. Moscoso (10), and Aréstegui and Pennock (1) have reported on the 
history and culture of this tropical tree. 

The fruit of the acerola varies in size from 1% to approximately 1 inch in 
diameter, depending on the clone or variety; in color it varies from light- 
green when unripe to deep bright red when fully ripe. The tree bears from 
early spring until early winter, and the fruits take only about 22 days to 
develop completely from the flower stage. 

During recent years great interest has been aroused in the canning 
industry regarding the use of natural vitamin C for enriching other juices 
and canned fruit products. In view of the industrial potentialities that the 
acerola offers as such a source it was considered important to determine its 
fertilizer requirements. 

The results of a fertilizer experiment with acerola at Rio Piedras are re- 
ported in this paper. The research included both major- and minor-element 
fertilizers, lime, and soil amendments applied to the soil in different quan- 

‘Former Associate Agronomist and Associate Horticulturist, respectively, Agri- 


cultural Experiment Station, University of Puerto Rico, Rio Piedras, P.R. 
* Italic numbers in parentheses refer to Literature Cited, pp. 32-3. 
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tities, in order to study their effects on the yield and ascorbic acid content 
of the acerola. Minor elements were also applied via the foliage. 
EXPERIMENTAL PROCEDURE 

The investigation began at the Station grounds at Rio Piedras on Sep- 
tember 9, 1953. The acerola trees were grown in pots on a Sabana Seca 
sandy clay soil (pH 4.5) obtained from a field where acerolas have been 
cultivated on a commercial scale. This is a grayish-brown soil probably 
derived from old marine deposits and mixed materials washed from the 
uplands. It occurs in the northern coastal plains and inland valleys not more 
than 5 miles from the seashore. Its topography varies from nearly level to 
undulating, with an annual rainfall ranging from 60 to 75 inches (15). 

The soil for the experiment was taken from the top 8 inches. It was air- 
dried in the greenhouse and passed through a !4-inch screen. Fifty-five- 
gallon drums were cut in halves, and these were ebonol-painted and filled 
with the screened soil to about 1 inch from the top. The area of each drum 
corresponded to 1/16,525th of an acre in surface, or approximately 2.64 
square feet of soil surface. Lime was applied in all treatments, except the 
control, to raise the original soil pH of 4.5 to 6.5, following lime-require- 
ment tests (14). The lime was carefully mixed with the soil before filling the 
drums. Perforations were made in the bottom of each drum to prevent 
water-logging. The drums were placed on wooden platforms to prevent 
penetration of the roots through the holes into the bottom soil. 

For nematode control the soil was fumigated with DD (dichloropropane- 
dichloropropene) at the rate of 3 ce. of the fumigant per square foot. Soil 
insects and worms were controlled with Aldrin at the rate of 2 pounds of 
the technical material per acre. Aphids were controlled with Isotox (gamma 
isomer of benzene hexachloride from Lindane) at the rate of 1 pint per 100 
gallons of water, while scale insects were controlled with Vaphopos (para- 
thion) at the rate of 1 pound of the 15-percent wettable powder per 100 
gallons of water. 

The experiment consisted of 16 fertilizer treatments, each replicated 
three times, and was planted following a rectangular lattice design. The 
treatments used in the work are shown in table 1. 

In all treatments the fertilizers, lime, and organic compounds were mixed 
with the soil, except for Nos. 12 and 13, in which the minor-element mis- 
tures were sprayed on the trees. The two organic compounds tested were 
filter-press cake and Hyper-Humus. Filter-press cake is an organic byprod- 
uct of the sugar mills. On a dry-weight basis it has an average composition 
of 2.19 percent of nitrogen (N), 2.77 of phosphorus (P205), 0.44 of potas 
sium (K.O), 3.05 of caleitum (CaO), 39.5 of organic matter, and approxi- 
mately 0.49, 1.17, 1.05, and 0.01 percent of magnesium (MgO), manganese 
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(MnOz), iron (Fe2O3) and boron (B2Os3), respectively. The analyses reported 
above for the major elements are averages from 43 samples. The values for 
the microelements are averages of 2 to 6 samples. 

Hyper-Humus is a product from the decomposition of sedge peat contain- 
ing from 80 to 90 percent of organic matter, and is merely used to build 
up the organic-matter level of the topsoil. It has a very low nutrient value. 
The “fritted trace elements” used is a type of slowly soluble glass containing 


TABLE 1.—Major- and minor-element treatments (in pounds per acre) used in studying 
the effects of fertilizer applications on the yield and ascorbic acid content 
of acerola fruit 

















Major elements used | : ‘ 
Treat- per acre Minor element or soil amendment 
ment | _ ELAN ee, eee ene 
No. | ‘ | . 
N | P20s | K:0 | Material Quantity 
——| en eee eee = | price aed 
Lb. 


—_ 
S 
to 
a 
S 
= 
S 


NOS WN 
th 
OS 
= 
S 


| 100 | 200 | 
200 | 200 | 0 | 
200 | 200 | 100 | 
200 | 200 | 200 | 
8 | 200 | 200 | 200 | Hyper-Humus 20,000 
9 | 200 | 200 | 200 | F.T.E. (fritted trace elements)! | 200 
10 | 200 200 | 200 | EDTA Fe (chelated iron) | 100 
11 | 200 | 200 | 200 | ES-MIN-EL (minor-element mixture) 100 
12 200 | 200 | 200 do. | 4 1b./100/gal. water 
13 | 200 | 200 | 200 Nutri-Leaf (soluble minor elements) | 6 lb./100/gal. water 
14 | 200 | 200 | 200 Filter-press cake + 14 treatment 7 | 40,000 
15 | 200 | 200 | 200 | Mineral-Mixture (minor-element mix- | 100 
ture) 


16 | 200 | 200 | 200 | Control, NPK only, no lime 








1 Relatively insoluble. 


zinc, iron, copper, manganese, boron, and molybdenum. It is sold commer- 
cially as FerroF TE. The EDTAFe, or chelated iron, isa sodium ferric ethy- 
lene-diamine tetra-acetate (12-percent Ie) sold commercially as Sequestrene 
NaFe. ES-MIN-EL is a fertilizer mixture readily available commercially 
which, in addition to magnesium, contains the minor elements manganese, 
zine, copper, iron, and boron. It can be used both for soil application and 
foliar sprays. Nutri-Leaf is a commercial soluble fertilizer which contains 
nitrogen, phosphorus, potassium, magnesium, and the minor elements 
mentioned above, except molybdenum. It can be used also for soil or foliar 
applications. Mineral Mixture is a commercial minor-element fertilizer 
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which also contains magnesium and which is recommended for soil applica- 
tion only. The major fertilizer elements for each corresponding treatment 
were compounded from ammonium sulfate (20-percent N), superphos- 
phate (20-percent P:O;), and potassium chloride (60-percent K,O). 

An outstanding West Indian cherry clone, B-17, was selected for this 
study because of its unusually high ascorbic acid content, good fruit size, 
and high yield of fruit per acre and of juice per fruit. The average fruit 
weight ranges from 9 to 12 gm. with a mean diameter of 1.25 inches. Cut- 
tings were made approximately 10 inches in length and 14 inch in thickness 
from healthy trees of the selected clone. These were placed individually in 
l-gallon cans filled with a mixture of equal parts of sand and loam soil. 
The cans were placed in a mist house until roots and leaves developed, which 
took several weeks. Forty-eight rooted cuttings were selected, considering 
uniformity in size and general appearance. One cutting with part of the soil 
holding the roots in position was planted in each drum, after which each 
drum was duly identified according to treatment. The plants were watered 
as necessary. The fertilizer used per tree was split into three applications. 
The first application was made 2 weeks after planting, the second when 
the trees started to bloom in March, and the third and last in October. 
Fertilizer was applied in subsequent years according to treatment schedule. 

The trees started to bear early in the spring and continued to do so until 
early winter every year. Three pickings were made each year of harvest. 
The fruits were harvested, counted, and the weights recorded. Sufficient 
fruits were taken from each tree for chemical analyses. The fruits selected 
were fully ripe cherries as evidenced by their red color. Care was exercised 
not to pick overripened fruits. The ascorbic acid was determined on the 
whole fruit. The sample was ground in an osterizer until a homogenous 
mixture was formed and this crushed material was analyzed. The ascorbic 
acid was determined by the Ballentine method (4). All chemical analyses 
were made the same day the fruits were picked. 

Leaf-nutrient contents were ascertained by the following methods: Total 
nitrogen was determined by the A.O.A.C. Kjeldahl method (3). Phos- 
phorus was determined by the modified Wolf procedure (6). Potassium 
was determined using the flame photometer (6). 


EXPERIMENTAL RESULTS 
MAJOR ELEMENTS AND LIME 


Yield and ascorbic acid 


Results on the influence of nitrogen, phosphorus, and potassium on 
acerola yields and ascorbic acid content of the fruit are presented in table 








ear 
obt 
yle 


Th 





pplica- 
itment 
rphos- 


or this 
it size, 
e fruit 
s. Cut- 
ckness 
ally in 
m soil, 
which 
dering 
he soil 
h each 
atered 
ations. 
| when 
etober. 
redule. 
0 until 
urvest. 
ficient 
elected 
ercised 
yn. the 
venous 
scorbic 
ialyses 


- Total 
Phos- 


vssium 


im on 
1 table 








YIELD AND ASCORBIC ACID CONTENT OF ACEROLA 23 





2. Significant reductions were obtained when either nitrogen, phosphorus, 
or potassium was omitted from the fertilizer mixture. When 200 pounds of 


TABLE 2.—Influence of nitrogen, phosphorus, and potassium on the yield and ascorbic 
acid content of acerolas grown on Sabana Seca sandy clay, 1954-661, as compared 
with the Mitscherlich (§) maximum in quantity and percentage 





Major elements used per acre? 


Mean yield of fruits per acre 





| Mean yields |Ascorbic acid 









































for all | per 100 gm. 
ere | treatments, | whole fruit, 
N |  P2Os K:0 1954 1955 1956 1954-56 crop 1955 
Nitrogen (N) 
7) Lb. Lb. | (Cut. Cut. Cut. Cut. Mg. 
0 200 200 | 0.89 | 15.48 5.41 7.26 | 1,428 
100 200 200 6.28 25.00 17.20 16.16 | 1,368 
200 200 200 19.21 | 32.74 22.17 24.71 1,842 
Mitscherlich’s maximum yield — 65.43 25.80 235.47 — 
Percentage of the maximum | — 50.04 85.93 10.49 — 
realized 
Phosphorus (P2035) 
200 0 200 0.85 10.46 14.37 8.56 | 1,328 
200 100 | 200 4.73 22.58 21.93 16.41 | 1,477 
200 | 200 200 19.21 32.74 22.17 | 24.71 1,842 
Mitscherlich’s maximum yield | — 85.27 | 22.18 | — — 
Percentage of the maximum | — 38.40 | 99.95 _ — 
realized 
Potassium (K20) 
200 200 0 | 4.80 | 14.98} 4.49 | 8.09 | 1,394 
200 200 100 | 8.13 | 24.15 | 20.62 | 17.63 | 1,309 
200 200 200 | 19.21 | 32.74 | 22.17 | 24.71 | 1,842 
Mitscherlich’s maximum yield | — | 146.41 | 27.15 45.07 | — 
Percentage of the maximum | — | 22.386 80.16 | 54.83 | — 
realized | 
LS.D. at the 5-percent level...| 5.69 | 6.54 | 5.82 | 3.24 | 247 
LS.D. at the 1-percent level.... 7.66 | 8.81 | 7.83 | 4.17 | 333 





1 Yield calculated on the basis of 218 trees per acre. 


? All treatments received 4,000 lb. of lime to raise soil pH to 6.5. 


each of the major fertilizer elements was used significant increases were 
obtained in all years. When 100 pounds was used significant increases in 
yield were obtained for all years except 1954, when the trees started to bear. 
Thus the use of 200 pounds of each major element was significantly better 
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than 100 pounds for acerola production in all years. The application of the 
first 100 pounds of each fertilizer element did not significantly affect the 
ascorbic acid content of the fruit; however, the use of an additional 100 
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Fig. 1.—Yield and ascorbie acid content of acerola as related to applications of 
nitrogen, phosphorus, and potassium, when grown on Sébana Seca sandy clay, crop 
of 1955. 


pounds of each fertilizer nutrient did increase the ascorbic acid of the fruit 
significantly. Figure 1 illustrates graphically the influence of rates of major- 
element applications on fruit yield and ascorbic acid content of the fruit 
for the crop of 1955. This trend was consistent for all years. 

The percentage reduction in yield for the average of three crops and the 
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ascorbic acid content of the fruit in the year 1955 as affected by the omis- 
sion of given elements are shown in table 3. When the maximum of any 
one of the major elements was used the omission of nitrogen produced the 
greatest reduction in yield, 70.62 percent; this was followed by the effects 
of lack of potassium and phosphorus, which reduced yields almost as much 
as did the absence of nitrogen, or 67.26 and 65.36 percent, respectively. 
The percentage reductions in yield in all cases were lower with the use of 
100 pounds of each of the fertilizer elements, but still significant as com- 
pared to the use of 200 pounds per acre. There were significant reductions 
in yield of ascorbic acid when any of the major elements was omitted from 


TABLE 3.—Reductions in yield and ascorbic acid content of acerolas grown 
on Sabana Seca sandy clay, 1954-56, attributable to the omission 
of major fertilizer elements and lime} 


| Percentage reduction in yield and ascorbic acid content resulting from the omission of 
the indicated element and lime 


item | Nitrogen | Phosphorus Potassium Lime? 
| 100 200 100 200 100 200 4,000 
Vield®............| 34:60" 70.62** | 33.59** | 65.36** | 28.65* 67 .26** | 50:42°* 


Ascorbic Acid‘.| 25.73** | 22.48** | 19.82** | 27.90** | 28.94** | 24.32** | 29.00** 
1 Percentage reduction in yield and ascorbic acid content resulting from the 
omission of a given fertilizer element, using the maximum application of 200 pounds 
per acre of N, P20;, K.O, respectively as a base. * Significant at the 5-percent level; 
** significant at the l-percent level. 

? For lime the basis of comparison was 4,000 lb. per acre. 

3 Average of 3 crops. 

£1955 crop. 











the fertilizer mixture as compared with the maximum of each nutrient used. 
Table 3 further shows that the omission of lime significantly reduced yield 
and ascorbie acid content 50.42 and 29 percent, respectively. 

Using the concept of Mitscherlich’s maximum yield (5), the theoretical 
maximum yield was not fulfilled for any of the major elements in the crop 
of 1954, nor for phosphorus for the average yield of three crops. This was 
because the yield increments among the different rates of the nutrients 
concerned did not follow the law of diminishing returns. However, Mit- 
scherlich’s concept for maximum yields did work out for all major elements 
in the crops of 1955 and 1956. 

As the data show, the percentage of the theoretical maximum yield when 
the maximum quantity of fertilizer nutrient was used was considerably 
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higher for the crop year 1956 than for that of 1955. Mitscherlich’s concept 
for maximum yield could also be applied to the yield increments for the 
average of three crops for different rates of nutrients. However, in this 
experiment it was applicable only to nitrogen and potassium, and not to 


TaBLE 4.—Mean leaf-nutrient content of acerolas grown under different levels of 
nitrogen, phosphorus, and potassium on Sabana Seca sandy clay, 1956 
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Nutrient content of acerola leaves, 
dry-weight basis! 





K.0?2 





N2 P2032 
Tees : Percent | 7 pit 
1.40 1.12 | 2.05 
1.74 41 | 1.87 
2.01 .13 | 1.71 
1.86 19 | 1.30 
3.26 48 | 32 
2.00 27 61 
1.85 28 1.08 
| 
0.31 | 0.20 | 0.56 
45 | 28 | .79 





1 Leaf samples were taken after the last picking of the 1956 crop. 


2'To compare treatments for each fertilizer element, use treatments 1, 2, and7 
for nitrogen; 3, 4, and 7 for phosphorus; and 5, 6, and 7 for potassium. 


TaBLE 5.—Influence of major fertilizer elements and lime on the mean weight of 


acerola fruits and roots grown on Sabana Seca sandy clay, 1954-561 


Treatment No. | 
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Lb. 


100 
200 
200 
200 
200 
200 
200 





P20s K:0 
— a ~ 

200 200 
200 200 

0 200 
100 200 
200 0 
200 100 
200 200 


..8.D. at the 5-percent level 
4.8.D. at the 1-percent level 





Mean weight of 
| acerola fruit, 1955 





Mean weight of 
acerola roots, 1956 








crop 

Gm. Gm. Si 
6.225 792 
5.522 734 
6.699 704 
5.390 630 
5.984 192 
5.691 509 
4.419 1,168 
345 
0.453 406 
6ll | 564 





1 All treatments except No. 8 received 4,000 lb. of lime to raise soil pH to 6.5. 
2 To compare treatments for each fertilizer element, use treatment 1, 2, and / 


for nitrogen; 3, 4, and 7 for phosphorus; and 5, 6, and 7 for potassium. 
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phosphorus. The results presented for a 3-year crop suggest that additional 
yield data would probably have given a better picture of the applicability 
of Mitscherlich’s concept of maximum yield. 


TaBLE 6.—Mean production of acerola trees as influenced by minor-element fertilizers, 
lime, and other soil amendments when grown on Sabana Seca sandy clay, 1954-56 





Major elements Mean yield of acerola per) Mean 

Treat-| used per acre! ; ; Wate: pee “res for 
ment Minor element or soil amendment god ; treat- 
No. i pa WR " ———p 
N_ | P:Os| K20 1954 | 1955 | 1956 | 1954-56 
Eb | LiL) tst—~<CSst:~—~«w | | Cet, | Ce, | Ce 
7 | 200) 200) 200) Lime only 19.21) 32.74 22.17) 24.71 
8 200 200 200, Hyper-Humus 20,000 5.69) 21.30) 12.60 13.20 
9 | 200) 200) 200, F.T.E. (fritted trace ele- 200 =3.49 21.63) 18.62 14.58 

| | | ments) 

10 200) 200) 200. EDTA Fe (chelated iron) 100 | 6.54| 22.82) 15.87; 15.08 


11 200; 200 200 ES-MIN-EL  (minor-ele- 100 11.68 26.88) 20.56) 19.71 
| | ment mixture) 
12 200 200) 200 do. 4‘; 6.71) 22.24) 20.03) 16.33 























13 | 200, 200) 200, Nutri-Leaf (soluble minor 6) 12.82| 34.10} 21.89) 22.94 

| | elements) | 

14 | 100 100, 100; Filter-press cake 40,000 9.05) 28.71) 22.35; 20.04 

15 | 200) 200 200' Mineral-Mixture (minor- 100 | 5.97; 24.09) 17.68) 15.91 

| | element mixture) 

16 | 200) 200) 200 Unlimed (pH 4.5) — | 4.67 20.91) 11.16) 12.25 
eee eae See = | | eee 
LS.D..at the 5-percent: level. «0... .0.0.-. cc ecees se oe 5.69 6.54 5.82) 6.03 
LSD. at the I-péreent level. «..:... consi ea wasuonkes 7.66, 8.81 7.83) 8.12 


' All treatments except No. 16 received 4,000 lb. of lime to raise soil pH to 6.5. 
? Material mixed with the soil. 

3 Yields per acre of acerola calculated on the basis of 218 trees. 

‘Material mixed with water and sprayed on tree at the rate of 100 gal. per acre. 











Major elements in leaves 


The results of the quantitative analyses for nitrogen, phosphorus, and 
potassium of the acerola leaves taken at the last harvest are presented in 
table 4. Here there were definite increases in leaf nitrogen, phosphorus, 
and potassium with increasing applications of these nutrients. This was 
reflected in increased fruit yields. The highest fruit yields and ascorbic 
acid contents were associated with the highest content of the nutrient 
elements in the leaves (tables 2 and 4). 


Weight of fruits and roots 


Table 5 shows the effects of the major elements on weight of fruits and 
roots. Increments of nitrogen, phosphorus, and potassium were responsible 
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for significant reductions in fruit weight along with production of a greater 
number of fruits. This brought out significant differences in yield, as was 
previously shown in table 2. 


TaBLE 7.—Influence of minor-element fertilizers, lime, and other soil amentments on 
the ascorbic acid content of acerola fruits grown on 
Sabana Seca sandy clay, crop of 1955 





Major elements Ascorbic acid of whole 
used per acre! fruit per 100 gm. 
Treat- |_——_——_ ——_— —— 
: P r ’ ae Rate per 
_— Minor element or soil amendment pane Pickings on 
y | PxOs; K2O ———_—_———_____—_—_——_—_—— for 3 


First |Second| Third Pickings 
| 


Lb. | 2b. | 2b. Lb. Mg. Mg. Mg. Mg. 
7 | 200) 200 200 Lime only 2,042) 2,170) 1,315) 1,842 
8 | 200, 200) 200) Hyper-Humus 20,000 | 1,331) 1,421) 1,022) 1,258 
9 | 200; 200) 200! F.T.E. (fritted trace ele- 200 | 1,090, 1,735) 1,188) 1,338 
ments) 
10 | 200 200) 200, EDTA Fe (chelated iron) 100 1,340) 1,445) 1,031) 1,272 
11 | 200) 200) 200); ES-MIN-EL  (minor-ele- 100 | 1,494) 1,885) 1,034 1,471 
ment mixture) 
12 | 200; 200} 200 do. 4°; 1,370; 1,358) 1,166) 1,298 
13. 200) 200) 200' Nutri-Leaf (soluble minor 6? 1,494, 1,993) 1,025) 1,504 
elements) 
14 100; 100 100 Filter-press cake 40,000 | 1,488 1,778) 1,157 1,458 
15 | 200) 200; 200 Mineral-Mixture (minor- 100 1,326) 1,598) 1,414 1,446 
element mixture) 
) 


16 200) 200, 200 Unlimed (pH 4.5) — 1,320 1,660; 1,085) 1,355 





LSD. at the 6-percent level... .. 6.26.66 .<snse ce .| 821. | 448 | 406 =| 247 
18D. -at the: I-percent: level... .. 66.6 5..000 .......| 4383 | 605 | 547 | 333 





1 All treatments except no. 16 received 4,000 lb. of lime to raise soil pH to 6.5. 
2 Materials mixed with the soil. 
3 Materials mixed with 100 gal. of water and sprayed on trees. 


The application of the first 100 pounds of each major element did not 
significantly affect additional root development of the acerola; however, 
the use of an additional 100 pounds of each fertilizer element did increase 
root volume significantly. It is of interest to note that lime definitely proved 
of value in root development (compare treatment 7 with treatment 8, table 
5). Under liming a 70-percent increase in root weight was obtained in trees 
which received the top rate of the major elements as compared with those 
in unlimed soil, but which also were supplied with maximum nitrogen, 
phosphorus, and potassium. 
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YIELD AND 





ASCORBIC ACID CONTENT OF ACEROLA 


MINOR ELEMENTS, LIME, AND OTHER SOIL AMENDMENTS 


The effect of minor-element mixtures, lime, Hyper-Humus, and filter-press 
cake, on acerola yields and ascorbic acid content of the fruit are given in 
tables 6 and 7. None of the minor-element fertilizers or soil amendments, 


TaBLE 8.—Mean weight of acerola fruits as influenced by minor-element fertilizers, 
lime, and other soil amendments, when grown on Sabana Seca sandy clay, 1955-56 
‘ | 
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| Mean 






































| 
: Major elements Mean weight weiahé 
= a Minor element or soil amendment Pet —— of fruits 
No | ————s per acre? 
| N | P2Os | K:0 | 1955 | 1956 | 1955-56 
| Lb. Lb. Lb. | Gm. Gm. Gm. 
7 | 200 | 200 | 200 | Lime only 4.419) 6.044] 5.232 
8 | 200 | 200 | 200 | Hyper-Humus 20,000 | 5.746) 7.677| 6.712 
9 | 200 200 | 200 | F.T.E. (Fritted trace ele- 200 | 5.525) 6.133) 5.829 
| | ments) 
10 200 | 200 | 200 | EDTA Fe (chelated iron) 100 | 6.042) 7.092) 6.567 
11 | 200 | 200 | 200 | ES-MIN-EL (minor-element 100 | 6.034) 6.636] 6.335 
| | mixture) 
12 , 200 200 | 200 | do. 43 | 6.468) 7.159) 6.814 
13 | 200 200 | 200 | Nutri-Leaf (soluble minor 63 | 4.805) 6.321) 5.563 
| elements) 
14 | 100 | 100 | 100 | Filter-press cake 40,000 | 5.452) 6.840) 6.146 
15 | 200 | 200 | 200 | Mineral-Mixture (minor- 100 | 4.390) 7.436) 5.913 
element mixture) 
16 | 200 | 200 | 200 | Unlimed (pH 4.5) | — | 5.806) 5.619) 5.713 
L.S.D. at the 5-percent level................000. cceeeeeeeeees | 0.453] 0.927) 0.945 
L.§.D. at the I-percent level... .....: 2.0. ccs. .2cc cee ere -611) 1.249) 1.272 








1 All treatments except treatment number 16 received 4,000 lb. of lime to raise 
soil to pH 6.5. 

2 Material mixed with the soil. 

3 Material mixed with water and sprayed on tree at the rate of 100 gal. per acre. 





aside from lime, gave any significant increase in yield of acerolas (table 6). 
For the average of three pickings the ascorbic acid content of the fruit 
significantly decreased when the minor-element mixtures or soil amend- 
ments were used (table 7). Lime definitely proved of value in acerola pro- 
duction, both increasing the yield of fruits and their ascorbic acid content. 
For the average of three crops (table 6) the increase in fruit yield from the 
use of lime was 12.46 hundredweights, which was 102 percent higher than 
for the no-lime treatment 16. Lime appeared also to be responsible for an 
increase in the ascorbic acid of the fruit which amounted to 487 mg. per 
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100 gm. of whole fruit. (Compare treatment 7 with treatment 16, table 6.) 
This increase is equivalent to 36 percent more ascorbic acid. 


Weight of fruits 

The influence of minor-element fertilizers, lime, and other soil amend- 
ments on fruit weight is given in table 8. In general, the use of lime alone 
significantly reduced fruit size in the crop of 1955, but more fruits were 
produced; this was responsible for significant yield differences. In the crop 
of 1956 lime was still responsible for smaller fruit size but significantly in 
some cases only. 


DISCUSSION 


The investigation reported in this paper clearly underlines the outstand- 
ing beneficial effects of nitrogen, phosphorus, potassium, and lime on 
yield of acerolas and on the ascorbic acid content of the fruit, when grown 
in an acid (pH 4.5) light-textured soil (Sabana Seca sandy clay) that is 
being used at present on relatively large scale for acerola production. 

It was found that lime was an important factor affecting root growth 
and development. It aided significantly in increasing the root volume of 
trees, giving them a larger feeding area as a result, and probably also in- 
creasing their ability to absorb nutrients more efficiently for their metabolic 
processes. Trees supplied with lime had a thrifty growth with dark-green 
foliage. On the other hand, visual symptoms of calcium deficiency were 
noted in the unlimed acerola trees which were similar to those observed in 
trees grown under field conditions in the same soil used in this test, as well 
as to those developed on calcium-deficient trees growing in sand culture 
under controlled conditions (7). The observations noted above suggest that 
lime was beneficial to acerola because of the nutrient calcium it provided. 
The essentiality of calcium for root growth and plant development has been 
well demonstrated by several investigators (8, 9, 16). The beneficial effect 
that lime might have had in this experiment by correcting soil acidity is 
also something worth considering in future research work. 

Lime by itself was such a limiting factor that not even the efficient use of 
the major-element fertilizers was achieved without it. For example, it was 
found that 100 pounds of nitrogen per acre combined with lime gave mean 
yields of 25 hundredweights of fruits per acre, whereas with 200 pounds of 
nitrogen per acre and no lime only 20.9 hundredweights were obtained. Thus, 
even with half the nitrogen, a greater yield was obtained when lime was 
used. Similar trends were observed with phosphorus and potassium and 
lime. 
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The data presented in this paper suggest that the use of lime in combina- 
tion with high rates of the major elements is of paramount importance, for 
obtaining high yields of both acerola fruits and ascorbic acid on a Sabana 
Seca sandy clay soil. 


SUMMARY 


The influence of major and minor elements, lime, and other soil amend- 
ments on the yield and ascorbic acid content of acerolas growing on a 
Sabana Seca sandy clay soil (pH 4.5) was investigated and the results ob- 
tained may be summarized as follows: 

1. Significant yield responses were associated with increasing rates of 
nitrogen, phosphorus, and potassium in the substrate. 

2. The maximum rates of nitrogen, phosphorus, and potassium, 200 
pounds per acre, significantly increased the ascorbic acid content of the 
fruit. 

3. For the average of three crops the omission of nitrogen from the ferti- 
lizer mixture gave the greatest reduction in yield; this was followed by 
results from lack of potassium and phosphorus, in the order mentioned. 

4. Maximum fruit yields and ascorbic acid contents were associated with 
the highest nutrient levels of nitrogen, phosphorus, and potassium in the 
leaves. 

5. Increasing quantities of the major elements in the substrate signifi- 
cantly reduced fruit weight at the apparent expense of more fruits pro- 
duced; this was responsible for significant yield differences. 

6. The maximum rate of N-P-K used increased root development sig- 
nificantly. Lime definitely benefitted root development. Top-root weights 
were obtained on limed plots with highest levels of nitrogen, phosphorus, 
and potassium. 

7. None of the minor-element fertilizers or soil amendments, aside from 
lime, produced any significant increase in yield of fruits. Ascorbic acid 
was significantly decreased when the minor-element mixtures or soil amend- 
ments were used. 

8. Lime definitely proved to be beneficial for acerola production, both in 
yield of fruits and ascorbic acid. Trees in limed soil were thrifty with dark- 
green foliage as compared to the poor growth made by trees in unlimed soil. 
These trees also appeared to be calcium-deficient. 


RESUMEN 


Este trabajo informa los datos obtenidos de un experimento llevado a 
cabo por tres afios consecutivos sobre el efecto de la aplicacién de elementos 
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nutritivos, tanto mayores como menores, cal y otras enmiendas al suelo, 
sobre los rendimientos de drboles de acerolas y sobre el contenido de 
Acido ascorbico de la fruta. 

Los resultados obtenidos de este estudio pueden resumirse como sigue: 

1. Los aumentos de nitrégeno, fésforo y potasio en el suelo aumentaron 
significativamente la produccién de frutas. 

2. La cantidad maxima de nitrdégeno, fésforo y potasio que se usd, 0 sea, 
200 libras por acre, aumenté significativamente el contenido de Acido as- 
cérbico de la fruta. 

3. Cuando no se usé nitrégeno en el abono hubo la mayor reduccién en 
los rendimientos de frutas. Bajaron también los rendimientos con la falta 
de potasio y fésforo en el abono en el orden indicado. 

4. La produccién maxima de frutas y Acido ascérbico estuvo asociado al 
contenido maximo de nitrégeno, fésforo y potasio en las hojas del Arbol. 

5. Los aumentos de nitrédgeno, fésforo y potasio redujeron el peso de la 
fruta, pero hubo un mayor ntimero de frutas por arbol. Esto causé dife- 
rencias significativas al comparar los rendimientos. 

6. La aplicacién de los elementos nutritivos mayores en su cantidad 
maxima conjuntamente con cal favoreciéd grandemente la produccién de 
raices. Se obtuvo el mayor peso de raices en las parcelas encaladas que 
contenian las cantidades maximas de nitrégeno, fésforo y potasio. 

7. Ninguna de las mezclas de elementos menores 0 enmiendas al suelo, 
fuera de la cal, pudo aumentar significativamente la produccién de frutas. 
El dcido ascérbico disminuy6 significativamente cuando se usaron las 
mezclas de elementos menores o enmiendas al suelo. 

8. Las aplicaciones de cal fueron muy beneficiosas en cuanto a la produc- 
cién de frutas y Acido ascérbico. Los Arboles en el suelo encalado se desa- 
rrollaron con vigor y adquirieron un follaje denso y de color verde oscuro. 
Los drboles en el suelo sin encalar tuvieron un desarrollo pobre y demo- 
straron los sintomas tipicos de deficiencia en calcio. 
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The Testing and Scoring of Some Avocado Varieties 
and New Selections on Their Behavior Under 
Refrigeration 


William Pennock! 
INTRODUCTION 


Avocado fruits must be both mature and ripe in order to attain good 
taste and palatability. Maturity is reached while the fruit is still attached 
to the tree and is simply a matter of aging. After fruit-set, a sufficiently 
long interval, ranging from 6 months to a year for most varieties, is neces- 
sary for the fruit to undergo the changes required to develop a potential 
for good flavor. Ripening, on the other hand, is the process whereby the 
flesh becomes soft and palatable and the potential flavor is realized. The 
ripening process usually starts when the fruit is picked and may take place 
irrespective of whether the fruit has reached maturity. Mature avocados 
generally ripen in 3 to 7 days at room temperature. This ripening period 
can be lengthened somewhat by picking the fruit slightly immature, but 
usually at the sacrifice of flavor. At best, the ripening period can be extended 
up to a length of 10 to 12 days at room temperature. Moreover, it would be 
most difficult to judge the maturity of all fruits so precisely as to avoid the 
early ripening of some few which, in turn, would hasten the ripening of 
other fruits in their immediate vicinity. 

A minimum ripening period of about 15 days is required for the export 
and sale of Puerto Rican avocados in the United States markets, and a 
longer period is highly desirable. The fruit should reach the retail outlet 
quite firm without any perceptible degree of ripeness. Even slight softening 
will result in its disposal as distress merchandise at prohibitively low prices. 
The ripening period of avocados must be extended for their successful ex- 
portation which can best be done by means of refrigeration. 

Refrigeration must be carefully controlled, however, because avocados 
are subject to cold injury. Moreover, selected varieties should be used for 
export because some varieties are highly susceptible to such injury even 
under mild refrigeration, whereas others are quite resistant and capable of 
having their ripening period considerably prolonged by storage at rela- 
tively low temperatures. 

REVIEW OF THE LITERATURE 

Although successful avocado storage at lower temperatures has fre- 

quently been reported, recent workers appear to be in general agreement 


1 Horticulturist, Agricultural Experiment Station. University of Puerto Rico, Rio 
Piedras, P.R. 
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with the recommendation of Higgins, Hunn, and Holt made in 1911 (1)? 
that temperatures for avocado storage should not be permitted to fall 
below 40° F. Commercial shipments are generally niade at storage tempera- 
tures that range between 40° and 50° F. In Puerto Rico the shipper has the 
option of shipping at either 40° to 45° F., or 45° to 50° F.; both of these 
ranges are available in separate compartments of most boats having refrig- 
erating facilities. 

Cold injury or “chilling” has been reported by Wardlaw and Leonard (5) 
as including such various symptoms as follows: 1, Skin-browning and ne- 
crosis; 2, browning of the flesh; 3, browning of the vascular strands; 4, 
browning of the seed; and 5, changes in flavor. Following the lead of 
Lynch and Stahl (3) we have preferred to ignore the possible injury to 
either the skin or the seed and to lump the others and treat them as a single 
manifestation of cold injury occurring in the pulp. As described by Lynch 
and Stahl, ‘““The browning of the pulp appears in some instances either near 
the seed or in the tissue midway between the seed and the skin. In other 
instances the pulp becomes dark brown to black next to the seed, and in 
still other cases the vascular strands develop a brownish appearance making 
them stand out from the lighter colored pulp”. This description coincides 
very well with the symptoms observed by us. We were impressed, however, 
by the variation in severity of the injury which ranged from a barely per- 
ceptible trace of browning to a thorough blackening of the flesh accom- 
panied by a disagreeable smell. To some extent, at least, cold injury seemed 
to be the result of a cumulative process which could be increased by either 
lowering the temperature or increasing the time of exposure. 

Although some authors, e.g. Lyle (2) and Overholser (4), reported longer 
storage, we have estimated the optimum period as 30 days for temperatures 
which do not drop below 40° F. at any time. Undoubtedly longer storage 
is feasible with a few highly tolerant varieties held at lower temperatures. 
However, even slightly lower temperatures would be quite hazardous for 
most varieties, and they are not available commercially. A minimum storage 
temperature of 40° F. is sufficiently low to establish differences in cold 
tolerance for all commercial varieties now grown in Puerto Rico and prob- 
ably elsewhere in the world. 


OBJECTIVES 


Our objectives were to establish a fairly precise procedure whereby vari- 
eties may be rated on their relative tolerance to cold storage, and to rate 
available varieties and new selections accordingly. 


* Italic numbers in parentheses refer to Literature Cited, p. 49. 
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MATERIALS AND METHODS 


Refrigeration studies were carried out usually using 40 fruits of each 
variety to be tested and subjecting them to each of 8 storage treatments. 
The treatments consisted, respectively, of storage at room temperature until 
ripe, and storage for periods ranging from 1 to 4 weeks at an average tem- 
perature of 43° F., and 1 to 3 weeks at an average temperature of 53°F, 
A treatment of storage for 4 weeks at 53° F. proved impracticable. 

Both refrigerators had a fluctuation range of about 3° F. A recording 
thermograph was placed in each refrigerated compartment at all times 
and a continuous record of temperature was obtained for all tests. Rela- 
tive humidity was recorded in some of the tests and usually registered 
between 75 to 90 in both compartments. Room temperature was checked 
occasionally. It ranged from 75° to 85° F., but was fairly close to 80° F., 
most of the time. Storage at room temperature was simply the control 
treatment and served principally as a rough index of maturity and also as 
a precaution against misinterpreting other normal storage injury or possi- 
bly a varietal defect as having been caused by cold injury. The data from 
room-temperature storage were not used in calculating refrigeration per- 
formance indices. 

The number of fruits per treatment was reduced in a few instances when 
insufficient fruits were available. In other instances the fruit intended for 
3- or 4-week storage periods was observed to have ripened prematurely 
and was, therefore, removed from the refrigerator together with, and in- 
cluded with the fruit in the corresponding shorter period. In such cases, 
therefore, 10 and sometimes 15 fruits provided the data for the shorter 
treatment. The fruit was generally harvested during the forenoon, trans- 
ported in field crates, and placed in carboard flats in the refrigerator roughly 
about 24 hours after picking. 

After the specified period of refrigerated storage, the fruit was removed 
to room temperature and allowed to ripen. Ripeness was determined by 
touch in most varieties, and by the “matchstick” method with hard-shelled 
fruit. The fruit was then sliced open, the seed removed and both halves 
examined carefully for degree of observable pulp-browning. Notes were 
taken regarding other symptoms but pulp browning was the only symptom 
of cold injury tabulated for this study and was coded as follows: 


Condition Points 
No browning whatever 4 
Traces of browning 3 
Slight browning 2 
Moderate browning 1 
Badly browned 0 
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The following descriptive notes may serve as a rough guide for inter- 
preting what is meant by the different degrees of browning: 


TRACES OF BROWNING 


“Traces” referred to a barely perceptible brownish cast frequently oc- 
curring on the flesh surface adjacent to the seed cavity, or sometimes a 
very small brownish spot either on the flesh surface or on some vascular 
strand. When vascular strands were affected, frequent slicing of the flesh 
was made to determine the extent of the injury. Sometimes, particularly, 
in fruits held in cold storage more than 2 weeks, browning of the vascular 
strands was so faint as to be questionable. In such cases the peeled slices 
of fruit were allowed to stand in the open air for 1 or 2 minutes until the 
exposed surfaces became streaked with brown where the fibers showed. A 
fresh cut was then made and the freshly cut surface examined and judged 
for browning in the vascular strands. In summary, “traces of browning” 
would normally be overlooked by most people and require careful examina- 
tion to detect. There is no off-flavor nor smell whatever. 


SLIGHT BROWNING 


“Slight browning” applies to the injury of fruits having readily observa- 
able browning injury, but of such limited extent that three-fourths or more 
of the fruit was edible and of good appearance and flavor after paring off 
the injured part. 


MODERATE BROWNING 


“Moderate browning” applies to the injury of fruits in which approxi- 
mately half of the flesh is browned and about half looks uninjured. Although 
parts of the fruit appear to be edible, all of it may actually be unfit for 
consumption since off-flavor frequently extends beyond the browned areas. 
This category also includes some fruits which may look uninjured, or almost 
so, but actually have off-flavor and/or unpleasant smell and are, therefore, 
unfit for consumption. This occurs, rather infrequently, with the fruit of 
some few varieties. 


BADLY BROWNED 
No part of the “badly browned” fruit looks edible and it usually has an 
offensive odor. 
SCORING 


The performance for all fruit subject to a single treatment was recorded 
and converted to two numbers as follows: 

1. The “day number”’, or the sum of the number of days required by each 
fruit to ripen. 
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2. The “browning number”’’, or the total code points scored by all the 
fruits in the treatment. 

These two numbers were then individually converted into index numbers 
denoting that fraction of a perfect performance attained by the fruit with 
respect to ripening period on the one hand and browning injury on the 
other. These two index numbers were then multiplied by each other. The 
products thus obtained were regarded as a sort of dual index for each 
treatment whose mean constitutes a single generalized index of performance 
for each set of fruit tested. 

Altogether we tested 36 sets of fruits. Each set usually was of a dif- 
ferent variety or clonal selection, but on several occasions a variety was 
tested twice and on one occasion three times, using fruit from different 
trees. In some cases, because of fruit scarcity, we were obliged to include 
the fruit from several trees of the same variety in one set of fruit being 
tested. In such cases this was done systematically so that an equal num- 
ber from each tree received the different storage treatments. 


RESULTS OBTAINED 


In table 1 are shown the original data pertaining to flesh browning and 
days required to ripen in terms of totals for all the fruit included in each 
treatment. Also shown are the harvest dates, the clones being tested, the 
individual tree identity number, and the fruit number included in each 
treatment. As may be seen, some sets of fruit being tested were not sub- 
jected to all of the treatments. The first seven clones, for example, were 
all early varieties mostly of the West Indian race. These were not expected 
to withstand 3 weeks of storage or more, and therefore, their testing was 
limited to the first 2 weeks. In some cases the fruit intended to remain for 
3 and 4 weeks at 53° F. was found to be ripe when examined at the end of 


the 2-week period. Such fruit was included with the 2-week fruit at this 
temperature. 

A rough idea of the relative maturity may be obtained from the time 
required by the fruit to ripen when stored at room temperatures. The fruit 
of tree No. 363 of clone Semill 44, harvested on December 5, for example, 
may be regarded as having been somewhat immature because the four 
fruits delayed an accumulated a total of 39 days or an average of 10 
days per fruit. The fruit of tree No. 108 of clone Gripifia 9, harvested on 
September 26, on the other hand, was obviously thoroughly mature since 
the ripening period averaged 3 days per fruit. 

In tables 2 and 3, respectively, are shown the ripening period and flesh- 
browning indices derived from the data in table 1. These were calculated 
for refrigerated treatments only and may be regarded as a decimal number 
indicating that fraction of a perfect performance obtained in each case. 
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TABLE 2.—Flesh-browning index of different avocado varieties from different trees when 
held under refrigeration at 43° and 53°F. for 1 to 4 weeks 





| Fruit in refrigerated storage for— 

















| 
Variety Tree No. | 1 week at— 2 weeks at— | 3 weeks at— 
| 53°F. 43°F. SSP. | 43°F. 53°F. 43°F. 
Gripifia 2 355| 4501 1— 0| 375) — 7 
Do. 372| 375] 1—| 050 250) — ~| 
Gripifia 9 108 | 1— 600) 0} 450) — —| 
Do. -—| kd 0} 64000 =—— — 
Gripifia 12 265/ 1—| 1—| 100] 250) — “7 
W. I sd. 28 28 450, 800) 0} 50) — _ 
W. I sd. 14 14 | I—| 450, 0 200) — - 
Donaldson 403 | 750) 1— 0 400) — _ 
Nabal 122,96; 1—| 250) 727 0} 188 0 
PRRA 18 30; 1—| 1—| 1— 1~— 1— 800 
Gripifia 1 | 105,118 | 1— 9800 969) 0) — 50 
Semil 11 | 92/ 1—| 958) 1— SoH —| 0 
Utuado | 52; 1—, 1—| 929 300, 625| 100 
Winslowson | 47| 950 200,800 0, 525|/ 00 
Castafier | 34| 1— 950 1— 800; 917} 250 
Isabela 111__| 111 950 1—, 854 950 333 450 
Gripifia 5 | 382} 1—| 1— 983 650) — 950 
Semil 43 | 268, 235 i—, 900 900 700, —| 400 
Semil 26 | 336,401,350} 900 438 I1— 20 — 200 
Semil 38 | 385 | 1—} 1—; 800; 200| —j| _ 250 
Semil 44 363; 1—| 1—| 1—| 900) —| 550 
Semil 31 251| 1—! 1—; 950! 800; —j 850 
Meléndez 2 | 341) 1— 1— 1 900) —}| 550 
Semil 44 | 286 | 1—| 1—| 500 1—| 938| 850 
Semil 37 | 340,346; 1—| 1—| 1—\ 900 —| _ 850 
Semil 23 | 366 | 1—) 1— 930 583) —/| 188 
Isabela 147 147; 1—| 850; 400| 950) 150| 350 
Semil 41 211! 1—); 900; 900! 350) 1—j| 400 
Isabela 138 | 138 950, 700 250 250, 050 | 50! 
Gripifia 7 | 195,153 | 950 1— 850 —| | _ 
Semil 47 | 317; —| 1—, 900; 550} —j| 900 
Semil 34 | 281| 1—) 875, 1—| 900) 1—j| 333 
Fuerte 6 215) A 1— oe 925; 1— 
Semil 44 | 299; 1—| 1—| 1—| 850] 925) 563 
Semil 39 | o84/ 1—| 833; 500, 500, 325) — 750 
Vannel late 244; 1— 1 1—| 650, 100 500 
ee raver 31,825) 26,504 24,392) 18,058) 9,903 | 12,134 
| | 340 | 955 
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TaBLE 3.—Number-of-days ripening-period index for different avocado varieties from 
different trees held under refrigeration at 43° and 58°F. for 1 to 4 weeks 





Fruit in refrigerated storage for— 


















































Variety Tree No. 1 week at— 2 weeks at— 3 weeks at— 
| 4 weeks 
x at 43°F. 
53°F. 43°F. 53°F. 43°F, 53°F. 43°F, 
Gripifia 2 355 | 273] 317} 460] 558) — — _ 
Do. 372| 267| 325| 460] 533} — _ _ 
Gripifia 9 108 | 233} 267| 433] 520| — _ _— 
Do. 347| 240| 300} 433] 513) — — _ 
Gripifia 12 265| 247| 292} 433] 533; — — ~ 
W. I sd. 28 28] 233| 273} 4383| 533} — ~ _ 
W. Isd. 14 14} 260! 300| 453} 553| — — ce 
Donaldson 403 233 267 433 533 , a — 
Nabal 122,96 | 313| 367/ 527] 587/| 733| 806 | 1,067 
PRRA 18 30 313 | 367) 533} 580) 733} 840 | 1,073 
Gripifia 1 105,118; 317] 360} 523) 613| — 827 | 1,047 
Semil 11 92; 300} 350; 522|} 567| — 833 | 1,073 
Utuado 52| 327] 360}; 529| 587] 733] 813 | 1,047 
Winslowson 47 347 393 | 560 | 625 | 733 867 | 1,120 
Castafier 34/ 333 | 387) 537) 580 | 733} 827 | 1,053 
Isabela 111 111} 333 | 360} 519| 567) 733} 787 | 1,027 
Gripifia 5 382 | 233] 340| 500} 567; — 773 | 993 
Semil 43 268,235 | 273| 340) 500/ 573| — 787 | 1,027 
Semil 26 336,401,350} 240} 342} 500} 5890) — 793 | 1,025 
Semil 38 385 | 273] 367| 500} 593| — 867 | 1,060 
Semil 44 363 | 313| 347} 500| 567; — 800 | 1,000 
Semil 31 251| 233} 353] 500} 567; — 800 | 973 
Meléndez 2 341} 313} 344| 500/ 567) — 787 | 989 
Semil 44 286 | 333 | 353} 561| 607] 733] 833 | 1,027 
Semil 37 340,346 | 273 | 340! 500| 567) — 807 | 1,047 
Semil 23 366 | 273] 333| 500| 567; — 800 | 1,033 
Isabela 147 147| 267] 313] 500| 533] 733] 740!| 933 
Semil 41 211! 280] 333] 500| 527/| 733] 767] 940 
Isabela 138 138 | 300! 340! 500} 580| 733] 787 | 1,020 
Gripifia 7 195,153 | 287] 333] 500}; — ne ~ sae 
Semil 47 317; — 307 | 533] 533) — 78| = 
Semil 34 281| 320} 333| 513} 567|/ 733] 789] 1,011 
Fuerte 6 115| 347] 353] 520] 589| 733] 9807 | 1,013 
Semil 44 299 | 325| 333| 540| 573] 737] 817 | 1,017 
Semil 39 284} 313| 367} 520| 607| 737] 833 | 1,020 
Vannel late 254 | 293 | 307 | 500} 533 | 700} 733] 933 
| 
, EEE nn eee | 10,058 /12,063 |17,975 119,759 10,970 |21,633 |26,568 
eS, ares | 287 | 345| 514] 565] 731/ 801 | 1,022 
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With respect to flesh-browning, a perfect performance for a single fruit 
would be no browning whatever or a score of 4. When multiplied by the 
number of fruits in the treatment this gives a perfect score for all the 
fruits. The browning totals shown in table 1 were divided by the perfect 
score and gave the figures shown in table 2. 

A similar procedure was used in calculating the day indices. In this case 
a perfect score for a single fruit would be 30 days which was multiplied by 
the number of fruits to obtain the total perfect score. The day indices 
shown in table 3 were obtained by dividing the day totals shown in table 
1 by the perfect score for total fruit in the treatment. 

In table 4 are shown the combined indices for each treatment. These 
indices were obtained by multiplying the browning index and the day 
index for each treatment shown in tables 2 and 3 by each other and rounded 
off at 3 digits. The means of the combined indices is a generalized figure re- 
presenting performance in all the refrigeration treatments to which the 
different clones were submitted. 


DISCUSSION 


TESTING METHOD USED 


In testing avocados for cold-storage tolerance, multiple treatments are 
undoubtedly indicated. Any single treatment, if too severe, would fail to 
differentiate between varieties having low tolerance and, if too mild, be- 
tween highly tolerant varieties. Since refrigeration is normally available 
for commercial shipment at two temperature ranges, 40° to 45° I’. and 
45° to 50° F., it seemed logical to include two similar ranges in the test, 
particularly since the lowest range might be injurious to some varieties 
even during only a few days of storage. The weekly intervals of storage 
were simply convenient and of sufficient duration to insure appreciable 
differences. The seven treatments used in these trials, therefore, seem 
fairly logical and coincide quite well with the range of tolerance of avocado 
fruits in general. We now believe mean temperatures of 42° and 47° F. 
would have been somewhat better than those actually used because, much 
less short-of-period ripening would probably have occurred in the 3-week 
treatment at the higher temperature and the 4-week treatment at the 
lower. 

The general method of manipulating the data originally suggested by 
Associate Director B. G. Capé of this Station appears to be the only 
logical way of arriving at a generalized value for all treatments which would 
reflect both length-of-ripening period achieved and cold injury manifested 
by the fruit. We had some doubts whether to use directly the actual days 
required by the fruit to ripen, or the net increase in time gained over the 
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control. The use of the net increase would cancel out the effect of possible 
variations in maturity. However, it would also cancel out the desirable 
capacity of some varieties which have good mature flavor coincident with 
a fairly long ripening period at room temperature. This capacity contrib- 
utes to good shipping performance and, therefore, should preferably be 
retained as a partial constituent of the final varietal index. We decided 
that the actual period of days should be used for testing varieties and that 
the maturity factor should be eliminated by careful picking. If tests are 
made later for optimum refrigeration temperature, then net increase in 
ripening time may be preferable. In any case this point proved to be some- 
what academic because it was observed that, in some lots of fruit which 
varied considerably in their individual ripening period at room tempera- 
ture, the variation almost completely disappeared as cold storage was 
prolonged beyond 1 week. 

We still have to determine by further experimentation the magnitude of 
the differences to be expected between fruit from the same tree in dif- 
ferent years, and between different sets of fruit taken from the same tree 
in the same year, but on different and on the same harvest dates. However, 
there are in the present data three clones which were separately tested from 
two or more trees, namely Gripifia 2 and Gripifia 9, both of which were 
tested from two different trees on the same harvest date, and Semil 44 
which was tested from two trees on the same date and from a third tree a 
month later. 

As may be seen in table 5 there was a fairly high degree of consistency 
in the refrigeration-tolerance indices within clones and relatively little 
variance between trees and between harvest dates. With the clone Gripifia 
2 there was a difference of only 17 points between trees; this was 11 
percent of the mean clonal index, which was 154, and 3 percent of the 
total range of variation between clones which amounted to 547. With 
clone Gripifia 9 the difference amounted to 29 points. This was 17 percent 
of the mean clonal index, which was 172, and 5 percent of the range of 
variation between clones. In the clone Semil 44 the differences between 
the three trees amounted to 88, 79, and 9 points. These were 22, 19, and 
2 percent, respectively, of the mean clonal index, which was 408, and 16, 
14, and 2 percent of the total range of variation between clones. It would 
appear, therefore, that there are marked clonal differences in refrigeration 
tolerance and the proposed refrigeration-tolerance indices give a fair 
indication of clonal refrigeration tolerance, irrespective of tree sampled or 
the time of fruit harvest within maturity limits. 

We believe that the combined mean indices shown in table 4 are fairly 
reliable, precise, and convenient for rating and comparing the performance 
of avocado varieties under refrigerated storage. We propose to test all 
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varieties accordingly and will refer to this mean index as the “varietal 
refrigeration tolerance index’’. The higher the index, of course, the better 


the performance. The absolute maximum index which any variety might 
attain would probably be about 0.628. The variety would have to score 
index 1 on flesh condition in all treatments, making the day index identical 
with the combined index which would be approximately as shown in table 
6 for all treatments. 


TaBLE 5.—Rating of 32 avocado varieties in accordance with the mean of a combined 
index value which generalizes their performance under all 
different treatments of refrigerated storage! 











Variety | Mean index | Variety | Mean index 
Fuerte 6 615 Utuado 285 
PRRA 18 | 579 Semil 23 267 
Gripifia 5 | 460 Isabela 147 243 
Semil 37 | 455 Semil 26 238 
Semil 44 | 440 Semil 38 | 238 

Do. | 431 Semil 11 198 
Semil 47 431 Gripifia 1 | 192 
Semil 34 412 Gripifia 9 186 
Isabella 111 410 Gripina 12 | 179 
Semil 39 409 Winslowson | 177 
Semil 31 | 406 Donaldson | 164 
Meléndez 2 405 Gripifia 2 162 
Vannel late | 399 Gripifia 9 157 
Castafier | 376 Gripifia 2 145 
Semil 41 | 362 Nabal | 132 
Semil 44 | 352 Isabela 138 | 131 
Gripifia 7 344 W.I. sd. 28 88 
Semil 43 334 W.I. sd. 14 | 68 





1 4 indices of repeated tests involving 3 varieties are also shown. 


This refrigeration tolerance index has the advantage of not being greatly 
affected if some treatment is lost through accident or malfunction of 
equipment. The index may be based on the remaining available treat- 
ments and will probably come fairly close to the index that would have 
been obtained using data from all treatments. This is because fruit injury 
generally increases with length of treatment. Longer periods increase the 
combined index whereas greater injury lowers the index. The two largely 
tend to cancel out each other. Thus in table 4 it may be observed that at 
the lower temperature of 43° F. all four treatments resulted in mean 
indices of close to 300. At the higher temperature of 53° F. the increased 
injury was not sufficient to cancel out the effect of increased time and the 
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mean index for all clones rose linearly starting at 184 and increasing 
roughly 100 points each week. Accordingly, therefore, of the seven treat- 
ments given only two would be expected either to raise or lower the com- 
bined index consistently if omitted. The 1 week at 53° F., when included, 
tends to lower the index and its omission would, therefore, be expected to 
raise it. The 3-week treatment at 53° F. tends to raise the index and its 
omission would be expected to lower it. 

Of course, all seven treatments should preferably be included for com- 
paring all varieties. It has occurred to us, however, that for comparing only 
early varieties against each other a more precise relative rating would be 


TaBLE 6.—Cold-tolerance index and estimated maximum ripening period for 1 fruit of 
different avocado varieties under refrigeration at 43° or at 
53°F. for from 1 to 4 weeks 























T | 2 P 
axis eee — Pape y tog Varietal cold tolerance 
Period | Temperature frait (anys) 
1 week | 53°F. 10 | 0.333 
43°F. 12 -400 
2 weeks 53°F. | 16 .533 
43°F. | 18 .600 
3 weeks 53°F, | 22 | .733 
43°F. | 24 | .800 
4 weeks | 43°F. | 30 1.000 
ee | 4.399 
|— SESS | — > 
10) rs es 0.628 





achieved by using only the data from the first 2 weeks of storage for 
calculating the refrigeration-tolerance index. The reason for this is the 
basic concept that the range of testing treatments given should exceed 
but slightly the tolerance range of the fruit being tested. These early 
varieties all gave a mean index of less than 200. Normally varieties of such 
low tolerance would rate an index of 0 in treatments lasting 3 weeks or 
more. The use of data from 3- and 4-week treatments would provide an 
opportunity for some freak fruit or some possible misinterpretation of 
symptoms to register a few points not strictly merited by the variety. 
Therefore, we also propose a supplementary, early-variety index of re- 
frigeration tolerance for comparing early varieties only, based on their 
performance during the first 2 weeks of cold storage exclusively. 

Table 5 shows, by order of performance, all of the fruit-sets tested and 
their corresponding refrigeration tolerance indices. 
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The following tabulation shows, by revised order of performance, all the 
11 early varieties rated according to the early-variety indices, based 
exclusively on their performance during storage for the first 2 weeks: 


Variety Mean index Variety Mean index 
Winslowson 214 Gripifia 2 162 
Isabela 138 198 Gripifa 9 157 
Nabal 197 Gripifia 2 145 
Gripifa 9 186 W.I. sd. 28 88 
Gripifia 12 179 W.I. sd. 14 68 
Donaldson 164 


CLONAL PERFORMANCE 

With regard to the performance of our selected varieties we should like 
to point out the following highlights: 

The two varieties of highest refrigeration tolerance, Fuerte 6 and PRRA 
18, have serious defects which make them undesirable. Fuerte 6 is highly 
susceptible to anthracnose infection of the fruit and has a watery taste in 
wet years. PRRA 18 is red in color and also frequently has a watery taste. 

Among the varieties with indices of 400 or better are included some of 
our best selections like Semil 34 and Gripifia 5, Semil 31, Semil 44, and 
Meléndez 2. All are late varieties and include both A and B flower types. 

Of the medium-late varieties we were disappointed in the poor per- 
formance of Gripifia 12, which is otherwise excellent. 

Our earliest varieties still remain to be tested for cold tolerance. 


SUMMARY 


A method is described for obtaining a refrigeration tolerance index for 
avocado varieties. This index reflects the generalized performance of a 
total of 35 avocado fruits, 5 of which are subjected to each of 7 different 
refrigerated treatments. The treatments consisted of 1, 2, 3 and 4 weeks 
of storage at a mean temperature of 43° F. and 1, 2, and 3 weeks ata 
mean temperature of 53° F. 

A total of 36 sets of fruits were tested and indexed accordingly. The 
resulting indices reflect marked clonal differences in cold tolerance, and 
suggest fairly consistent performance within the clone. 

Indices are shown for 32 varieties, most of which are local selections, 
but which include 4 more or less standard varieties. 

RESUMEN 

Se describe un método para obtener un indice en cuanto al comporta- 
miento de cada variedad de aguacate bajo estudio después que se sometié 
la fruta a refrigeracién. El indice refleja el comportamiento de 35 frutas, 
en promedio, de las cuales cinco se incluyeron en cada uno de los siete 
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distintos tratamientos de almacenaje bajo refrigeracién. Los tratamientos 
fueron de 1, 2, 3 y 4 semanas de almacenaje a una temperatura promedio 
de 43° Fy de 1, 2 y 3 semanas de almacenaje a una temperatura promedio 
de 53° F. 

En total se sometieron 36 grupos distintos de fruta a estas pruebas y se 
calcularon los indices correspondientes. Los {indices demostraron que 
hubo una gran diferencia en el comportamiento de las distintas variedades. 
También hubo ligeras indicaciones de que la diferencia sea poca en cuanto 
al comportamiento de las frutas de la misma variedad procedente de 
distintos Arboles. 

Se incluyen los indices de 32 variedades de aguacates, las cuales en su 
mayoria son selecciones locales, pero que incluyen también cuatro varie- 
dades que también se cultivan en Florida y California. 
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Photosynthetic Surges in Coffee Seedlings 


John P. Decker! and Marco A. Tié? 
INTRODUCTION 

An apparatus (1)* was developed for use in studies of the effects of 
environmental factors on photosynthetic yields from coffee (Coffea arabica) 
seedlings. The present study was undertaken as a functional test of a 
prototype of the apparatus. Earlier studies on the photosynthesis of coffee 
trees were made by Nutman (3, 4). 

An illuminated green leaf absorbs CO: from the surrounding air (ap- 
parent photosynthesis); in darkness it exhales or exudes CO, (respiration), 
Decker and Wien (2) have reported that when eucalyptus leaves were 
alternately illuminated and darkened, initial rates of intake and evolution 
were momentarily high. In the study reported here similar but more 
distinct insurges and outsurges were observed with leaves of Coffea arabica. 


MATERIALS AND METHODS 


The coffee plants used were seedlings about 50 cm. high that had grown 
in 10-inch pots in a greenhouse. 

CO, intake and evolution were measured as changes of CO: concentra- 
tion of a fixed volume of air surrounding a single leaf. The apparatus has 
been described elsewhere in detail (1). It consisted of a leaf chamber, an 
airpump, and an infrared gas analyzer—Liston-Becker model 15A coupled 
to a recording milliammeter—connected in closed series with metal and 
plastic tubing. An intact leaf, still attached to a plant, was sealed in the 
chamber with modeling clay. It was left’ for 15-20 minutes under 3,000 
f.c. of illumination and with laboratory air passing through the chamber 
at about 1,000 ml. per minute. Then CO, was added to bring the con- 
centration up to about 500 p.p.m.; the system was closed and recordings 
were made of the time-course of CO2 concentration through repeated light- 
dark-light cycles and other treatments. 


EXPERIMENTS AND RESULTS 


Figure 1 shows a typically smooth time-course of CO2 concentration 
with a leaf under continuous illumination. Slope of the curve at any point 


1 Plant Physiologist, Rocky Mountain Forest and Range Experiment Station, 
Forest Service, U.S. Department of Agriculture; headquarters at Colorado State 
University, Fort Collins, Colo.; author stationed at Arizona State College, Tempe, 
Ariz. 

2 Associate Plant Physiologist, Agricultural Experiment Station, University of 
Puerto Rico, Rfo Piedras, P.R. 

3 Italic numbers in parentheses refer to Literature Cited p. 56. 
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represents rate of CO. intake by the leaf, or apparent photosynthesis. 


The uniform change of slope indicates that apparent photosynthesis 
decelerated uniformly with decreasing CO. concentration. A steady state 
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Fic. 1.—Section of milliammeter chart showing time-course of COs concentration 
of air enclosed with an intact leaf of coffee illuminated at 3,000 f.c. Air temperature 
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Fic. 2.—Similar to fig. 1, but showing effect of injection of 0.03, 0.02, or 0.01 ml. of 
CO: into leaf chamber. Injections were made at times indicated; those not labeled 
are 0.02 ml. 
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was finally reached when photosynthesis had diminished until it just 
equalled respiration, and apparent photosynthesis became zero. 

Figure 2 is similar to figure 1, except that it shows the effect of small 
bursts of CO» introduced directly into the leaf chamber by means of a 
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micropipette. Note that the system surged smoothly to a new higher 
concentration with only a slight suggestion of overshoot and subsequent 
oscillation. The delay of about 10 seconds between the introduction of CO, 
and the beginning of the upward swerve indicates the time required for 
the pump to transfer air from chamber to analyzer. 

Figure 3 is similar to figure 1, except that it shows the time course of 
CO. concentration during alternate periods of light and darkness. A 
section of this tracing representing one complete light-dark-light cycle is 
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Fic. 3.—Similar to fig. 1, but showing the effect of alternate periods of light and 
darkness. The two sections of the chart represent one continuous record, with the 
right end of the upper section fitting the left end of the lower section with an offset 
such that the recorder-pen tracing is continuous. Periods of darkness are indicated 
by the black bands along the lower edge of each segment. 


enlarged in figure 4. The slope of segment ab indicates the rate of apparent 
photosynthesis. The chamber was darkened as time-marker indicated. The 
delay of about 10 seconds between darkening and the first upward swerving 
of the tracing is about equal to the delay when CO: was introduced me- 
chanically (fig. 2). Slope of segment bc indicates the initial rate of CO: evolu- 
tion immediately following darkening. The slope of segment ce indicates a 
subsequent steady rate of respiration in darkness. Extension line cd serves 
to emphasize rate difference between initial outsurge and subsequent steady 
respiration rate. The slope of segment ef indicates initial intake rate upon 
illumination. Slope of segment fh indicates subsequent intake rate. Ex- 
tension of line fg serves to emphasize the rate difference between initial in- 
surge of and subsequent intake. 
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Comparison of cycles at high CO. concentration with those at lower 
concentration (fig. 3) suggests that insurge diminished with decreased CO; 
concentration, whereas outsurge remained essentially unaltered. The 




















Fic. 4.—Enlarged view of the first light-dark-light cycle (upper left) of fig. 3. 
Slope of segment ab represent rate of apparent photosynthesis. Slope of segment be, 
and extension line cd, represent initial rate of CO2 evolution following darkening of 
leaf. Slope of segment ce represents subsequent steady rate of respiration in darkness. 
Slope of segment ef, and extension line fg, represent initial rate of COz intake follow- 
ing illumination. Slope of segment fh represents subsequent steady rate of CO, 
intake, apparent photosynthesis. Angles dce and gfh represent surge rates in excess of 
subsequent steady rates. 
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Fic. 5.—Enlarged views of the first (A) and fourth (B) cycles of fig. 3. Line ab 
represent outsurge rate, line ad represents in surge rate, line ac is drawn tangent to 
an are of the recorder pen at about the midheight of the two surges. Comparison of 
angles bac and cad gives a direct comparison of the relative surge rates. 


suggested decrease appears to be largely an instrumental artifact, how- 
ever. When the curves are corrected for curvature of ordinal axis intro- 
duced by rotation of the recorder pen, the differential nearly disappears, 
as shown in figure 5. The geometrical method of correction is described in 
the caption of figure 5. 
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A preliminary study was made of effects of light intensity and light 
quality. Surging decreased with decreased light intensity, but was still 
clearly discernible at 500 foot-candles. No clear and consistent difference 
was evident under equal intensities of blue light (deep blue cellophane 
filter), red light (deep red cellophane filter), and white light. All intensities 
were measured with a Weston model 756 illumination-meter, with the 
sensitive cell held horizontally at the position of a leaf. 


DISCUSSION 


Decker and Wien (2) showed by other methods that respiration— 
CO, production—during photosynthesis in eucalyptus leaves was several- 
fold greater than in darkness. They suggested the following sequence of 
events to explain the observed surging: A leaf is respiring at the usual 
rate in darkness; upon illumination photosynthesis begins and accelerates 
rapidly to a steady rate far in excess of that generally believed; a few 
seconds later respiration accelerates—photorespiration—and masks photo- 
synthesis back down to normal apparent photosynthesis. Photosynthesis 
stops quickly when the leaf is suddenly darkened; photorespiration de- 
celerates a few seconds later, but is momentarily exposed as an outsurge. 
The same explanation is probably applicable to surging in coffee. 

It is conceivable that further studies of photosynthetic surging may 
provide a useful approach to certain problems in plant breeding—for 
example, those concerned with increasing the dry-weight increment rate 
or sugar yield of crop plants. Dry-weight increment is directly propor- 
tional to the excess of photosynthesis over respiration, and a plant variety 
showing an unusually high rate of dry-weight increment must have an 
unusually large excess of photosynthesis over respiration. The results 
reported in this paper suggest that most photosynthetic work done by 
leaf is immediately cancelled by photorespiration—with only a relatively 
minor part remaining as net gain or dry-weight increment. Perhaps there 
are individuals within a species that have exceptionally high photosynthetic 
capacity, but this is combined with exceptionally high photorespiration, 
and the result is normal net gain. Perhaps there are other phenotypically 
normal individuals that have unusually low photosynthetic capacity 
combined with unusually low photorespiration. If such individuals could 
be found, and if the two processes are genetically separable, it may be 
possible to produce a recombination that includes unusually high photo- 
synthesis and unusually low photorespiration with an extremely high dry- 
weight increment rate. Perhaps this is an explanation for some kinds of 
observed heterosis. 
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PHOTOSYNTHETIC SURGES IN COFFEE SEEDLINGS 


SUMMARY 


This paper presents the results of a study in which leaves of coffee 
plants were submitted to repeated light-dark-light cycles, to observe their 
effects on respiration and photosynthesis. The results suggest that most 
of the photosynthetic work done by a leaf is immediately cancelled by 
photorespiration and, consequently, only a minor part remains as net 
gain or dry-weight increment. 


RESUMEN 


Este estudio presenta los resultados de una investigacién para determinar 
los efectos de ciclos alternados de luz-sombra-luz en la respiracién y la 
funcién fotosintética de las hojas de café. Los resultados obtenidos sugieren 
que la mayor parte del producto de la fotosintesis de una hoja es cancelada 
inmediatamente por la fotorespiracién y como consecuencia, una pequefia 
parte del producto fotosintético permanece como ganancia neta y pasa a 
ser parte del peso seco de la planta. 
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The Influence of Fertilizers on Tobacco Yields 


P. Landrau, Jr., G. Samuels, S. Alers-Alers, and C. Gonzdlez-Molina 
INTRODUCTION 


Tobacco is one of the most important cash crops in Puerto Rico. In 
1956-57, with a farm value of $7,402,000, it ranked third, coming after 
sugarcane and coffee. Most of the tobacco grown in Puerto Rico is cigar- 
leaf tobacco, known as U.S. type 46, and is used as filler in the cigar- 
manufacturing industry both in Puerto Rico and the United States. This 
tobacco is grown generally in the humid semihighlands of the interior part 
of the Island. A small quantity of tobacco is grown for chewing purposes in 
two small coastal areas in the northwestern and southwestern parts of the 
Island. 

In 1955-56, 36,100 acres were devoted to tobacco. There were over 24,000 
individual tobacco growers; over 85 percent of them farmed less than 3 
acres of tobacco. These small farmers who raise a few minor crops and 
fruits derived 75 percent of their cash income from tobacco. Other crops 
following tobacco in importance on these small farms are corn, sweet- 
potatoes, coffee, and bananas. 

Tobacco is a shallow-rooted crop compared to citrus or sugarcane, and 
it can grow and produce fair to good yields on soils of steep hillsides. 
However, for good yields fertilizers must be used. About 20 percent of the 
costs of growing tobacco is tied up in fertilizers; this ranks second only to 
labor with 46 percent as the highest cost in growing tobacco (3).? 

OBJECTIVES 

In view of the importance of this crop to the agricultural economy of 
the Island, the Agronomy and Horticulture Department undertook a 
series of experiments to determine the fertilizer requirements of tobacco. 
This paper deals with the response of tobacco to major-element 
(N-P.O;-K.O) fertilizer applications on a Juncos clay at Aibonito, as well 
as sources of nitrogen and potash and minor elements on a Caguas and 
Mabi clay. 

PROCEDURE 

There were five experiments in all covering the tobacco fertilizer investi- 
gations. The first three were carried out at the former Aibonito Farm of 

1 Associate Agronomist, Agronomist, Research Assistant in Agronomy II, and 
Research Assistant in Agronomy I, respectively, Agricultural Experiment Station, 
University of Puerto Rico, Rio Piedras, P. R. The authors wish to thank A. 8. Amy, 
Associate Agronomist, for his help and advice on tobacco culture. 

2 Italic numbers in parentheses refer to Literature Cited, p. 68. 
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the Agricultural Experiment Station (elevation 2,000 feet). The first 
experiment was planted on November 28, 1951, and the last picking was 
made 119 days later, on March 26, 1952; the second experiment was 
planted on January 4, 1952, and the last picking was made 128 days later, 
on April 16, 1953; the third experiment was planted on November 4, 1953, 
and the last picking was made 102 days later, on March 18, 1954. The 
experiments were repeated each year using the same plots and fertilizer 
treatments. The treatments were mainly devoted to different levels of 
N-P:O5-K.0 and time of application. 

The tobacco variety Virginia 12 was used because in recent years it has 
been the most extensively cultivated variety in Puerto Rico. This variety 
is primarily of the cigar-filler type. 

The soil used was classified as a Juncos clay. It is a heavy, acid soil 
(pH 5.6) associated with the extensive Miicara soils of the mountainous 
area and with the Mabi soils of the valleys. These soils are mainly cropped 
to sugarcane, tobacco, and subsistance crops. 

The experiments were laid out in a triple-lattice design with 25 fertilizer 
treatments replicated 6 times, making 150 plots in all. The plot size was 
14 feet wide and 20 feet long, or approximately !459 acre in area. Each 
plot had 4 rows, 42 inches apart, with 12 tobacco plants 18 inches apart 
in the row, making a total of 48 plants per plot. Seedlings were selected as 
touniformity in regard to size and development and carefully transplanted 
to the experimental plots. All mosaic-infected plants were discarded. 
Seedlings were replanted, if needed, 10 days after the first planting. 

To control cutworms, ants, and mole crickets the soil was treated with 
Aldrin at the rate per acre of 1 gallon dissolved in 50 gallons of water. 
The plants were also sprayed periodically with a solution of Isotox when 
an aphid infestation was noticed. 

The fertilizers were applied in the soil 10 days after planting the tobacco 
seedlings, except where otherwise noted in the treatments. The fertilizer 
was placed in small semicircular bands at opposite sides of the plant and 
then covered with soil. The fertilizer sources were ammonium sulfate 
(20-percent N), superphosphate (20-percent P,O;), and potassium sulfate 
(50-percent K,O). The ground limestone used contained 93 percent of 
CaCO; , and was applied before planting and thoroughly incorporated 
with a hoe into the upper 3 inches of soil. 

The tobacco leaves were picked every 8 to 10 days after the first picking 
was made. All plants were pinched back (topped) after they were fully 
grown, to prevent flowering and induce enlargement of the leaves. Usually 
the first picking came about 114 months after field planting, and the 
number of pickings depended principally on the growth and development 
of the plant. The tobacco leaves collected from each plot at each picking 
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were properly identified and hung in racks in the tobacco barn for drying, 
After the leaves were dried they were tied in bundles and weight data 
recorded. 

The fourth experiment was conducted at the former Tobacco Farm at 
Caguas. The soil used was a Caguas clay, a gray weakly granular acid 
clay which is very plastic when wet. The soil pH was about 5.6. 

The fifth experiment was performed at the Gurabo Substation Farm. 
The soil used was a Mabi clay, with a pH 5.1. This soil is a grayish-brown 
plastic heavy clay which has good tilth when properly plowed and cul- 
tivated. 

For both the fourth and fifth experiments experimental design and plot 
size were the same as for the first three at Aibonito. In fact, no difference 
in general procedure was practiced except for changes in fertilizer treat- 
ments used. The Caguas and Gurabo experiments were primarily devoted 
to testing sources of nitrogen and potash, minor elements, and liming 
materials. 


RESULTS 
MAJOR-ELEMENT FERTILIZERS 


Nitrogen 


There was a definite response of tobacco to nitrogen fertilizer as can be 
seen in table 1. The increase from the use of 50 pounds of nitrogen per 
acre as compared to no nitrogen was very significant. For the average of 
three crops the increase was 5.87 hundredweights, or 76 percent more 
tobacco as compared to no nitrogen. The use of 100 pounds of nitrogen or 
more per acre did not give any significant increases in yields over that of 
the 50-pound rate. It appears that for all practical purposes 50 pounds per 
acre of nitrogen is adequate for high tobacco yields and that rates of 100 
pounds per acre and above are not needed. 


Phosphorus 


The use of 50 pounds per acre of P.O; gave a significant response in 
yields of tobacco in all three experiments at Aibonito (table 1). No ap- 
preciable increase was obtained when 100 pounds of P:O; per acre was 
compared to the 50-pound-per-acre rate. In fact, an average increase of 
only 0.8 hundredweight was obtained for the three crops when 50 more 
pounds of P.O; per acre was used above that of the original 50 pounds per 
acre. For phosphate response in tobacco the use of 50 pounds of P2Os per 
acre appears to be optimum in these experiments. 
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Potassium 


No response was obtained from the use of potash. The use of even 150 
pounds of KO per acre failed to produce any significant response in 


TABLE 1.—The influence of major-element fertilizers (N-P-K) on the yield 
(hundredweights) of tobacco, Aibonito experiments, 1951-54 





Fertilizer treatments in pounds per acre of— Mean yield of cured tobacco per acre 















































x | po | mo | Feskeg | Sogtgre.| Tiskgm | Meme 
Nitrogen (N) 
— ; 
0 | 100 150 | 6.34 | 8.26 | 8.77 | 7.79 
50 | 100 150 12.60 {| 10.08 | 18.30 | 13.66 
100 100 | 150 | 12.88 | 10.50 | 20.60 | 14.49 
150 100 150 | 13.54 | 10.44 | 20.16 | 14.71 
Phosphorus (P05) 
150 0 1590 | 10.80 | 8.61 | 13.50 | 10.97 
150 50 | 150 | 12.76 | 9.92 19.04 | 13.91 
150 100 150 | 13.54 | 10.44 | 20.16 14.71 
150 10 | 10 | = | 10.08 | — \ = 
Potassium (K.0) 
rm wa | | | 
150 100 | 0 | 12.43 | 10.29 | 18.33 | 13.68 
150 100 50 13.71 10.43 | 19.73 | 14.62 
150 100 | 100 12.77 10.64 | 20.42 | 14.61 
150 | 100 | 150 13.54 10.44 | 20.16 | 14.71 
, | 
Average of all treatments.......... 11.93 9.91 | 17.65 13.16 
Least significant difference needed | 
for comparison of treatments: | | 
Hpercent levelse. 626 6c espe es 2.17 1.31 3.29 2.40 
l-percent level.................. | 2.87 1.72 | 4.34 3.12 











any of the three experiments. The average for the three experiments was 
only 0.94 hundredweight per acre more for the use of 50 pounds of K,O 
per acre. Rates up to 150 pounds of K,O per acre failed to raise the yields. 
Although potash is known to be needed in large amounts by tobacco for 
improvement the burning quality, we can assume that as far as yields are 
concerned in Juncos clay, the available potash levels in the soil are adequate 
at present. 
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TIME OF FERTILIZER APPLICATION 


It is the normal practice in the tobacco areas for many farmers to delay 
application of their fertilizer for 10 to 15 days after planting. Also prac- 
ticed is the splitting of the fertilizer application into two equal parts—one 
at time of planting, the second about 10 to 15 days later. The reason given 
for these practices is to prevent loss of fertilizer by leaching or erosion. 
For the Juncos clay at Aibonito it was clearly shown that putting all the 
fertilizer in the hole at time of planting gave no significantly different 
yields than other times of fertilizer application (table 2). 


TABLE 2.—The influence of the time of fertilizer application on the yield 
(hundredweights) of tobacco, Aibonito experiments 1951-53 





Mean yield of cured tobacco per acre 


Time of application! a i : 





First crop | Second crop Third crop |Mean of 3 crops 

All at time of planting 13.56 9.62 19.40 14.53 
10 days after planting | 12.38 10.50 20.60 14.49 
15 at planting and !4 10 days after 14.69 | 10.74 20.38 15.27 

planting 
Least significant differences needed 

between treatments: 
B-DOICONTLOVEl, «0652-6546 060 045s 2.17 1.31 3.29 2.40 
MENONCORU NOVEL. « ..-6 siete ek sass S05 2.87 1.72 4.34 | 3.12 





1 All treatments received a total of 100 lb. each of N and P.O; and 150 Ib. of K,0 
per acre. 


Both time and money could be saved by the farmer applying his fertilizer 
at planting time rather than using split or late applications. Of course, 
sufficient care should be practiced in so placing the fertilizer that burning of 
the tobacco roots does not occur. Also, the practices of a single fertilizer 
application is not yet recommended for sandy soils or where heavy leaching 
has occurred. 

SOURCES OF NITROGEN 

Ammonium sulfate has been the standard nitrogen source in Puerto 
Rico for many years. In the past few years new nitrogen sources have 
become available on the fertilizer market. These materials were tested 
against ammonium sulfate as a standard, using equivalent amounts of 
nitrogen per acre, 100 pounds of N per acre, and in the presence of adequate 
phosphate and potash, 100 pounds of P.O; per acre and 150 pounds of 
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TABLE 3.—The influence of the source of nitrogen on the yield (hundredweights) of 
tobacco, Aibonito experiments, 1951-53, and others 
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Relative yield of cured tobacco per acre 


(ammonium sulfate = 100)— 









































. Percentage ] 
source »gen! re Aj ; _xHheri = 
ini pesos Aihenie <apniate Caguas } Gurabo | Average 
experi- | experi- | “of aij 
Peet eee t ent . 
— <_< y 7 1084 1985 crops 
Inorganic 
Ammonium sulfate / 20 | 100 | 100 | 100} 100 | 100 | 100 
Ammonium nitrate 33 _ — — | $4 110 | 102 
Ammonium sulfate nitrate 25 — — — | 99 104 102 
Calcium ammonium nitrate 20 — — | Seay ee eo | 96 
Caleium cyanamide 18 = 65} 97] 41 | 50 | 68 
Calcium nitrate -— |)“ — — | 94 79 7 
Potassium nitrate | = — — 90 88 89 
Sodium nitrate 1 | — — | — 90 86 88 
Urea 46 71 75 | 94 69 83 78 
Organic 
amr i eIO — j i | 
Castor pomace | a | — | 1 med oe | 98 | 95 
Cottonseed meal 7 i= fi ) wet ee | 95 
Filter-press cake 2 | 771 100] 68 83 | 70 80 
Miztures 
ly ammonium sulfate plus 1g | — — —|—- 97 105 | 101 
cottonseed meal | | | | 
1) ammonium sulfate plus 14 | = | = | 100} 8 | — 93 
filter-press cake | | | 
1s urea plus!4 cottonseed meal | — |— —;i-— | 8& 99 | 94 
eureaplus!4ammoniumsul- | — | — —}]}—- 9 | 97 | 96 
fate plus 14 sodium nitrate | 
Control 
No nitrogen | 0 51 79 | 43 | 86 | 80 68 
Least significant difference needed be- | | | 
tween treatments: | | | 
5-percent level..............eceeeeeee 18 13} 16] 16] 15 | 16 
| | 
EHORCOTD LEMON sc -< «.0:5:-hec dracee ct oxierdaets 23 16 21 |; 21 | 19 | 20 

















1 All treatments received 100 Ib. each of N 
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K,O per acre. To facilitate comparisons the actual yield of tobacco per 
acre for the ammonium sulfate treatment was assigned a value of 100, 
The relative yields of the other treatments were then calculated using the 
ammonium sulfate standard of 100 as a base. The results obtained are 
given in table 3. 


Inorganic or Synthetic Organic 


No source of nitrogen used proved significantly superior to ammonium 
sulfate in promoting yield of cured tobacco per acre (table 3). 

There were, however, several nitrogen sources that were significantly 
inferior to ammonium sulfate in increasing tobacco yields. Calcium cyan- 
amide decreased yields in every experiment, giving an average reduction 
in yield of 37 percent. Urea also reduced yields 22 percent. For both 
nitrogen sources, calcium cyanamide and urea, the reduction in yield was 
negligible for the third experiment at Aibonito (table 3) where total rain- 
fall was the highest for all five experiments. The failure of urea to give 
responses at least equal to ammonium sulfate is puzzling, inasmuch as 
urea has proven to be an outstanding nitrogen source for tobacco in 
Florida (2) and Connecticut (7). 


Organic 

Organic sources of nitrogen have long been advocated as necessary for 
production of tobacco of high quality in Connecticut (7) and Virginia 
(5). Animal manures, castor pomace, cottonseed meal, and fishmeal are 
common organic fertilizers used as nitrogen sources by tobacco growers in 
the United States. In Puerto Rico these organic sources of nitrogen have 
not been used, primarily because of their local unavailability and high price 
per ton when imported due to its bulk. 

Castor pomace and cottonseed meal were tried as nitrogen sources along 
with filter-press cake, a local organic material obtained as a byproduct of 
the sugarcane mills (6). As seen in table 3 no superior yields were obtained 
with these materials as compared with ammonium sulfate. In fact filter- 
press cake gave significantly lower yields than did ammonium sulfate. 
This may have been due to failure of the material to decompose rapidly 
enough to supply nitrogen to the tobacco plant. 


Miztures 


The use of mixed sources of nitrogen (inorganic and organic) has been 
recommended for tobacco because it was felt that the inorganic nitrogen 
was readily available for immediate growth needs and the organic sources 
provided nitrogen—a slow steady supply resistant to leaching for use later 
on in the plant’s growth. Various mixtures of organic and inorganic nitrogen 
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sources were tried as shown in table 3. None of the mixtures used proved 
superior to ammonium sulfate. 


SOURCES OF POTASSIUM 
Potassium sulfate has become the accepted standard source of potash 
for tobacco in Puerto Rico. Potassium chloride is not used as a potash 
source because of the harmful effect of the chlorine on tobacco quality 


TaBLE 4.—The influence of various sources of potassium on the yield (hundredweights) 
of tobacco, Aibonito experiments, 1951-53, and others 





Relative yield of cured tobacco per acre 
(potassium sulfate = 100)— 








Percentage se Via =- 
Source of potassium! K:0 Aibonito experiments . 
ecuilens Caguas | Gurabo Average 
amar experi- experl- of all 
First, | Second,’ Third, oa ae crops 
1951 | 1952.” 1933 ss — 


100 100 100 


Potassium sulfate 50 100 | 100 =100 

Potassium nitrate 46 = = — 91 88 90 
Sulfo-mag? 22 — _— — 91 101 96 
Tobacco stems, unground 7 97 92 97 — — 95 
Tobacco stems, ground 7 123 | 96 | 105 en 108 
5 tobacco stems, ground plus — 107 | 87 101 —- | — 98 

1g potassium sulfate | 
No potash 0 100 98 89 | — _ 96 

| 

Least significant differences needed be- 

tween treatments: 
5-percent level............... 18 | 13 16 16 | 15 16 
MpercentileVvelints < 22% Ge enuite oh an. 23 | 16 21 21 | 19 20 


1 All treatments received 100 lb. each of N and P.O; and 150 lb. of KO per 
acre. 

* A double sulfate of potash and magnesia containing not less than 21 percent of 
K,0 and not less than 53 percent of magnesium sulfate. 


(4). Potassium chloride, or muriate of potash, as it is more commonly 
known, contains about 47 percent of chlorine. However, research has 
shown that small amounts of chlorine, up to 20 pounds per acre, can be of 
value (2). 

Tested as potash sources aside from potassium sulfate were potassium 
nitrate, Sulfo-mag (a potassium-magnesium sulfate), and tobacco stems. 
None of the sources tested gave any significant increase in yield (table 4). 
Inasmuch as potash supplies in the soil appeared to be sufficient for the 
soils tested, none of the added potash sources was needed, and therefore, 
it was not possible to determine whether the source of potash influenced 
yields. 
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Many of the tobacco soils of Puerto Rico are quite acid (pH below 5.5), 
and, therefore, one should expect some responses from liming for tobacco, 


LIMING MATERIALS 
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TasBLE 5.—The influence of liming materials and minor elements on the yiel’ 
(hundredweights) of tobacco, Aibonito experiments, 1951-53, and others 





| | 


Relative yield of cured tobacco per acre 


(no lime or minor element = 100)— 
































Material | Baicgs 04 | Aibonito experiments | Caguas | Gurabo | si 
| | exper — fiestas 
° | | . men e 
| | ser | Sige) Bs) est | oss 
Liming materials 
No lime | 0 | 100 100 100 | 100 | 100 100 
Lime (CaCO;) | 2,000 | 120 | 107 | 116 89 80 .04 
Do. 4,000 | 118 | 107 | 110, — | — | 12 
Gypsum (CaSO,:2H.0) 2,000; — | — — 91 | 108 100 
Lime plus gypsum 2,000 | — | — _ 101 | 81 91 
2,000 | | 
Lime plus filter-press cake 2,000 | — — 75 ee Mc 75 
6,000 | 
| 
Minor elements 
——— as = Bes ade suk ant 
Magnesium oxide | 300 | 103 | 91 99 _— — 98 
Sulfo-mag? 450} — | — — 91 101 96 
Borax =i i= — oe 95 
| A BS OR | 100 | — | —|- 98 102 100 
Miller Mineral Mix‘ | 100 | —-|-|- 98 101 100 
Least significant difference needed be- | | 
tween treatments: | 
BePOMCBADIOV Elis. tc5-566 os seated ee | 18 | 18 16 | 16 5 16 
Pe NercenGsleVvel sco. gael e cae 23 | 16 21 21 19 20 





1 All treatments received 100 lb. each of N 


and P,Os and 150 lb. of K,0 per acre. 


2 A double sulfate of potash and magnesia containing not less than 21 percent of 
K.O and not less than 53 percent of magnesium sulfate. 
3 Fritted trace elements, a relatively insoluble powdered glass containing Mn, Fe, 


Zn, Cu, B, and Me. 


4 A commercial minor-element mixture for soil application containing Mg, Fe, Zn 


Cu, B, and Mo. 


For the Aibonito experiments on a Juncos clay the use of 1 ton of lime 
(CaCOs) gave significant yield increases (table 5). Only in the second 


experiment which occurred in an extremely dry year did the response fail 
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te prove significant. The use of 2 tons of lime was no more effective than 
1'ton. In both the Caguas and Gurabo experiments lime failed to in- 
crease yields. In fact, a significant decrease in yield was obtained in the 
Gurabo experiment. 

‘Che use of gypsum to supply calcium and sulfur without influencing 
ph failed to effect any significant yield increase at Caguas or Gurabo. 
When gypsum was combined with lime no increases in yields were ob- 
tained. 

Lime when added to filter-press cake decreased yields quite significantly 
(table 5). Filter-press cake contains about 3 percent of CaO (6), which, 
whe combined with 1 ton of lime, depressed tobacco yields at Aibonito. 


MINOR ELEMENTS 


The use of certain minor elements failed to increase tobacco yields 
(table 5). Magnesium, long noted as needed for good tobacco growth, was 
not proved deficient in the soils tested when applied either as the oxide or 
the sulfate. Borex used at the rate of 35 pounds per acre failed to increase 
yields at Aibonito. Even complete minor-element mixtures, both as a 
slowly available material, fritted trace elements, or the more available 
salts, Miller Mineral Mix, did not augment yields, indicating no particular 
deficiency of the minor elements applied in the soils tested at Caguas and 
Gurabo. 

DISCUSSION 

It would be unrealistic if the authors did not mention in this connection 
the great influence displayed by rainfall on tobacco yields in Puerto Rico. 
Unaided by irrigation, the tobacco crop is at the mercy of the rainfall 
which occurs during the growth of the crop. In Puerto Rico this is quite 
generally deficient or excessive. This has much to do with the efficiency 
of the use made by the tobacco plant of the fertilizer applied. Tobacco is 
a fast-growing, shallow-rooted plant which requires much water for its 
development. Water deficiencies limit the uptake of the fertilizer nutrients 
present in the soil, and may cause damage to the roots by “burning” from 
the increase in the, inorganic nutrient concentration of the soil solution. 
Excessive rainfall causes a leaching of the more soluble fertilizer elements 
nitrogen such as NO;, but not NH, . In a poorly drained soil rainfall effects 
on the yields of tobacco can be found in the first 3 experiments at Aibonito. 
The results were as follows: 


Experiment Rainfall (inches) Tobacco per acre (cwt.) 
1, 1951 12.4 11.9 
2, 1952 5.2 9.9 


3, 1953 15.1 ay § 
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Highest yields of tobacco were obtained in the third experiment which had 
the highest rainfall during the growth of the crop; the lowest yields were 
in the second where rainfall was also lowest. 

The rainfall available for the tobacco crop not only influenced yields in 
general, but also had an influence on the efficiency of the fertilizer applied. 
The response of 50 pounds of nitrogen per acre over no-nitrogen increased 


vo | 
Pa 


INCREASE IN YIELD (PERCENT) 


40 F BOs 











20 “ 
gilt ied 
0 4 8 12 6b 


RAINFALL (INCHES) 
Fic. 1.—Influence of rainfall on the efficiency of fertilizer—N-P205-K,O—in in- 
creasing yields of tobacco. The percentage increase in yield is based on applications 
of 50 pounds per acre of the principal fertilizer elements. 


greatly as the rainfall increased (see fig. 1). The response to 50 pounds of 
P.O; per acre showed some increases from rainfall, but not as great as for 
nitrogen. 
SUMMARY 

A series of fertilizer experiments with tobacco revealed the following 
highlights as to the influence of the fertilizer on yields of barn-cured 
tobacco per acre: 

1. On a Juncos clay there was a significant response to 50 pounds of N 
and of P.O; per acre, respectively. Potash did not influence yields. 
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2. A single fertilizer application at time of planting gave yields of 
tobacco equal to those where the fertilizer was applied 10 days after 
planting or was split into two applications. 

3. No source of nitrogen, either inorganic, organic, or mixtures of both, 
proved superior to ammonium sulfate for tobacco. 

4. No source of potassium, either inorganic, organic, or mixtures, in- 
creased yields of tobacco. 

5. The use of 1 ton of lime increased yields significantly on a Juncos 
clay, but not on a Caguas or Mabi clay. 

6. The use of gypsum alone, or in combination with lime, failed to 
increase yields. 

7. Magnesium, boron, and complete minor-element mixtures failed to 
increase tobacco yields. 

8. The amount of rainfall during the growth of the tobacco crop in- 
fluenced both yields in general and the response of the tobacco to the 
fertilizer applied. Higher yields and fertilizer responses were obtained with 
increasing rainfall. 


RESUMEN 


En una serie de experimentos sobre abonos para tabaco resultaron 
los siguientes puntos relevantes en cuanto a los efectos de estos abonos 
sobre los rendimientos por cuerda del tabaco curado en rancho: 

1. En suelo Juncos-arcilloso el tabaco respondi6 significativamente a la 
aplicacién de 50 libras de N y P.O; por acre, respectivamente. La potasa 
no influy6é sobre los rendimientos. 

2. Una sola aplicacién de abono, al tiempo de la siembra, produjo 
rendimientos iguales a cuando el abono se aplicé todo a los 10 dias des- 
pués de la siembra o se dividié para aplicarse en dos ocasiones. 

3. Ninguna fuente de nitrégeno organico, o mezclas de las mismas, 
probé ser superior al sulfato de amonio para el tabaco. 

4. Ninguna fuente de potasio orgdnico o inorgdnico, o mezclas de las 
mismas, aumenté los rendimientos del tabaco. 

5. El uso de una tonelada de cal aumenté los rendimientos significativa- 
mente en un suelo Juncos-arcilloso, pero no tuvo el mismo efecto en los 
suelos Caguas y Mabi arcilloso. 

6. El uso de yeso solo 0 en combinacién con cal, no aumenté los rendi- 
mientos. 

7. El magnesio, el boro y las mezclas combinadas de elementos menores 
no aumentaron los rendimientos del tabaco. 

8. La cantidad de Iluvia durante todo el periodo de desarrollo de la 
siembra de tabaco influyé tanto en los rendimientos generales como en 
la manera de responder el tabaco al abono aplicado. Al aumentar la Iluvia 
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se obtuvieron rendimientos mds altos y efectos mayores de la aplicacién 
de abono. 
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The Effects of Fertilizer Applications on 
Yields of Pigeonpeas 


P. Landrau, Jr., and George Samuels! 
INTRODUCTION 

Pigeonpeas (gandules), Cajanus cajan, have been one of the leading 
protein foods of the Puerto Ricans for many centuries. It is not known 
when they were introduced into Puerto Rico; probably they came from 
Africa on some of the slave-trading ships. 

Pigeonpeas grow on tall slender perennial bushy shrubs that range in 
height from 4 to 10 feet, depending on the variety, soil, and climate. 
Nearly every rural home, as well as many residences, has a small cluster 
of bushes in the dooryard or near the dwelling. They are planted also in 
rows in commercial plantings. 

The plant is a legume and is sown by many farmers to enrich the soil, 
as the nodule-producing bacteria grow abundantly on the well-developed 
root systems. This plant, like most leguminous plants, prefers a neutral or 
alkaline well-drained deep soil for highest yields. Fortunately it produces 
fairly well on shallow neutral or slightly acid soils. Pigeonpeas can endure 
long droughts, and will grow under a great variety of climatic conditions 
as well as in many kinds of soil. 

Although it does not rank in economic importance with such leading 
agricultural crops as sugarcane, pineapples, or tobacco, the pigeonpea has 
afarm value of over a million dollars per year. In 1956-57, 103,550 hun- 
dredweights of pigeonpeas were produced in Puerto Rico with a farm price 
of $13.79 per hundredweight, and a total farm value of $1,428,000. Acreage 
of this edible legume has increased in response to demand as a fresh product 
and also for canning. 

No special agronomic attention has been given to the raising of pigeon- 
peas in Puerto Rico, aside from varietal and time-of-planting trials. Very 
few planters fertilize this crop, and the only cultivation necessary is to 
kill the weeds and keep the roots covered. However, nothing is known about 
the effects of commercial fertilizers on yields of pigeonpeas. To find out, 
the Agronomy and Horticulture Department of this Agricultural Experi- 
ment Station, undertook investigations to determine the value of fertilizers 
for pigeonpeas. 

‘Former Associate Agronomist and Agronomist, respectively, of the Agricultural 
Experiment Station, University of Puerto Rico, Rfo Piedras, P.R. 
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PROCEDURES 

The experiments used to test the response of pigeonpeas to fertilizer 
were conducted in two of the leading areas where this crop is grown—one 
at Pefiuelas, the other at Isabela. 

The Pefiuelas experiment was planted on August 12, 1952, and harvested 
February 12-26, 1953. The soil used was a Yauco clay, a dark grayish- 
brown clay that is cohesive, calcareous, granular, and friable, but sticky 
and plastic when wet. It has developed on the gentle slopes of the soft 
limestone hills in the arid districts between Aguirre and Boquerén. The 
Khaki variety of pigeonpeas was planted in holes 4 feet apart, one plant 
per hole and nine plants per plot, giving a plot of size 12 by 12 feet, or 
about one three-hundredth of an acre. The experimental design was 2 
randomized-block one, of eight treatments replicated eight times. 

The Isabela experiment was planted at the Isabela Substation on a 
Coto clay, a yellowish-brown friable slightly acid (pH 6.5) clay which 
occurs on slightly rolling or undulating areas in the northwestern part of 
the Island. The experiment was planted on June 18, 1952, and harvested 
December 1-18, 1952, and a second crop was harvested between December 
14, 1953 and January 7, 1954. The Vaininegro variety of pigeonpeas was 
used. The plants were placed 8 by 8 feet apart, six plants per plot, giving a 
plot size 16 by 24 feet or about one one-hundred-thirteenth of an acre. A 
symmetrical incomplete-block design was used, having 13 fertilizer treat- 
ments and 8 replications. For both experiments the source of nitrogen was 
ammonium sulfate (20-percent N); of phosphorus, superphosphate (20- 
percent P.O;), and of potassium, potassium chloride (60-percent K,0). 

RESULTS 

The results of the Pefiuelas experiment are given in table 1. It can be 
seen that there was no response to any of the fertilizer treatments. In fact 
the no-fertilizer treatment gave yields not significantly different from 
treatments with any of the fertilizer combinations used, including rates 
up to 150 pounds per acre of N-P.O;-K,0. 

The Isabela experiment results are given in table 2. Once again there was 
no significant response to nitrogen, phosphate, or potash fertilizers. The 
no-fertilizer treatment, as in the Pefiuelas experiment, produced yields 
as high as, or in some cases higher than those made under fertilizer ap- 
plications. Filter-press cake, an organic byproduct of the sugarcane grin¢- 
ing mills, also failed to increase yields. From these results it appears that 
pigeonpeas are quite capable of obtaining sufficient nutrients from the 
soils tested to maintain high yields, and the supplemental fertilizer addi- 
tions of nitrogen, phosphates, or potash are not needed at present. Inas- 
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EFFECTS OF FERTILIZER APPLICATIONS ON PIGEONPEAS 


TABLE 1.—Yields of pigeonpeas from fertilizer experiment at Pefiuelas 























Treatment per acre . : 
Treatment No. a ENE A oy ee ee bes nd say be eae 
N P.05 K:0 
_ *& +t & | & Cut. 
1 0 0 0 21.0 
2 0 150 150 20.3 
3 75 150 | 150 21.4 
4 150 0 150 22.0 
5 150 75 150 19.2 
6 150 150 | 0 19.8 
7 150 150 | 75 17.7 
8 | 150 150 | 150 16.7 
Least significant difference needed between treatments: 
PENEKCEDIE OVER: =. ois. 5505500 wc sence noes 4.82 
Fenercent 1eVele «<6. e. edi ons nha ace aed ae 


Treatment per acre 
Treatment No. 





Lb Lb. Lb 
] 0 0 0 
2 0 225 225 
3 75 225 225 
4 150 225 225 
5) 225 0 225 
6 225 75 225 
7 225 150 225 
8 225 225 0 
9 225 225 75 
10 225 225 150 
1] 225 225 225 
12 
13? 


least significant difference needed between treat- 
ments: 
5-percent level. . 
l-percent level. 


‘20 tons of filter-press cake per acre. 
*Treatment No. 12 plus '5 treatment No. 11. 


6.43 





TaBLE 2.—Yvelds of pigeonpeas from fertilizer experiment at Isabela Substation 


Yield per acre of pigeonpeas with pods, 
green weight 








First crop, 1953 Second crop, 1954 
Cut. | Cut. 
13.0 15.5 
11.5 16.4 
13.5 | 14.5 
13.5 | 16.9 
13.3 14.6 
15.0 | 11.0 
14.3 12.7 
12.6 | 15.3 
14.8 11.4 
14.0 | 12.0 
13.9 | 11.6 
13.5 | 18.4 
10.9 | 17.2 

= | ———— 
3.63 3.45 
4.82 4.59 
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much as the pigeonpea is a legume, it can produce enough nitrogen to 
satisfy its needs in a Yauco clay and a Coto clay; the latter is known to 
require high rates of nitrogen for good sugarcane yields (/).? Either its 
demands for phosphates are low or it can make effective use of such phos- 
phates as are found in these soils. Coto clay is noted as a phosphate- 
deficient soil for sugarcane and vegetables (1, 2), and yet good yields of 
pigeonpeas were obtained without additional phosphates on this soil at 
Isabela. 

Farmers generally recognize the fact that pigeonpeas can grow well 
where other crops require fertilizer applications. Although work is still 
lacking on its fertilizer requirements on very acid soils it can be said that 
pigeonpeas growing in the slightly acid to alkaline soils of Puerto Rico 
showed no response to fertilizer applications in our experiments. [ertilizer 
applications to pigeonpeas on these soils seem unwarranted. 


SUMMARY 
Experiments with pigeonpeas grown in slightly acid to alkaline soils at 
Pefiuelas and Isabela, P. R., indicated that applications of fertilizers 
(N-P:05-K.O) had no effect on yields. 


RESUMEN 


Experimentos sobre el abonamiento del gandur lIlevados a cabo en 
Pefiuelas y en Isabela demostraron que las aplicaciones de abonos comple- 
tos (N-P205-K,O) no influyeron sobre los rendimientos de esta cosecha. 


LITERATURE CITED 
1. Landrau, P., Jr., and Samuels, G., Response of four sugarcane varieties to fer- 
tilizers during the first Isabela cycle, 1946-51, J. Agr. Univ. P.R., 38 (2) 73-9, 
1954. 
2. ——, Influence of fertilizers on the yields of the Plamar variety of tomatoes on a 
Coto clay, J. Agr. Univ. P.R. 39 (2) 77-83, 1955. 


2 Italic numbers in parentheses refer to Literature Cited, p. 72. 
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L. B. Ortiz, M.S., Asst. Agron. II and Adm. Asst. 
A. Pérez?, BS., Res. Asst. Tin Agron. 

E. Pérez Rivera, B.S., Res. Asst. I in Agron. 

C. Ramos Caro, B.S., Res. Asst. I in Agron. 


Lajas Substation 
A. Contin Chapel’, M.S., Asst. Dir. and An. Husb. 


in Char 
L. Afoad at B.S., Res. Asst. I in Agron. 
I. Carlo, M.S., "Asst. An. Husb. IT. 
F. Diaz, B.S., Res. Asst. II in set Eng. 
J. Garcia Albino, B.A., Res. Asst. - ao 
J. Gonzélez* B.S., Res, Asst. Tin 
BR: _irizarry, B.S., Res. Asst. II in = “and Adm. 


t 
R. — Barbosa, B.S., Res. Asst. II in An. 


4 Ortiz Vélez, M.S., Res. Asst. II in Agro 
Ramirez Ortiz, BS.A., Res. Asst. tind yea Husb. 
uM Rico, M.S., Res . Asst. II in Agron. 
M. Rojas, M.S. , Assoc. An. Husb. 
i Silvestry, BS, Res. Asst. I in A 
H. Sanfiorenzo, M.S., Asst. An. oe ) # 
Torres , Res. Asst. I in Agron. 
R. Vazquez, Me: Asst. Agron. I. 


Gurabo Substation 


M. A. Lugo Lines Ph. P Soil Scient. In Charge. 
. E. Barbosa, 9.A., Res. Asst. I in Agron. 

M. Capiel, M.S. Asst. Agron. I. 

C. Gonzdlez Molina, M.S., Res. Asst. II in Agron. 
he Lépez Matos?* a Ast her i. 


S.. A 
J. Vélez Santiago, B.S. Res. hake in Agron. 


Fruit Substation 


J. Clavell, B.S. 
G6 . Jackson, M.S. 
J. Lépez Garcia, B.S. 7 


Assoc. Hort. in Charge. 
es Asst. II in Hort. 
Res. Asst. I in Hort. 





yas of August 15, 1958. 
ve to pursue studies. 


3 Other leaves. 
* USDA collaborators. 





